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1.0 Scope This specification delineates performance, design and

test requirements for the Apollo Program as defined by the Apollo
Program Development Plan (PDP), NPC C500.

The body of the specification applies to the Apollo Program equip-
ment to be provided for the lunar landing mission and the operational
version of the Saturn IB launch vehicle with their associated launch
facilities. A description of this equipment is contained in Section 9 of
the Apollo Program Development Plan, NPC C500,

The appendices to the body of the specification delineate the per-
formance, design and test requirements as they apply to Apollo Program
equipment to be used on individual missions specified in M-D MA 500-11,
Apollo Flight Mission Assignments. These requirements are delineated
by identifying the changes to requirements stated in the body of the

specification,

1.1 Applicability All requirements specified herein shall be reflected

in subsidiary specifications of the Apollo Program,

1.2 Change Approval Changes shall be submitted in accordance with

Exhibit VIII of the Apollo Configuration Management Manual,
NPC 500-1,
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2.0 Applicable Documents The following documents form a part of

this specification and are applicable without change.

NHB 5300.1
October, 1965
M-DE 8020.008B

April, 1965

MIM 7000.029
June 2, 1964
NPC C500
January 15, 1965
NPC 500-10
May 20, 1964
M-D MA 500-11 (SE 010-000-1)
September 10, 1965

SE 008-001-1
June, 1965

Apollo Reliability and Quality
Assurance Program Plan

Natural Environment and
Physical Standards for the
Apollo Program

MSF Instruction to MSC:
Biomedical Data Requirements

Apollo Program Development
Plan

Apollo Test Requirements

Apollo Flight Mission
Assignments

Apollo Inter-Center Control
Document Log (published
monthly)

Project Apolio Coordinate

System Standards

The following documents are applicable to the extent specified

herein.
Webb~-McNamara Agreement
January 17, 1963

Agreement between the Depart-
ment of Defense and the
National Aeronautics and
Space Administration regarding
management of the Atlantic
Missile Range of DoD and the
Merritt Island Launch Area of
NASA




NPC 500-1
May 18, 1964

M-DE 8000.006 (CM 018-001-1)
June 1, 1963

Specifications

MIL-D-70327
March 27, 1962

MIL-E-6051C

MIL-I-26600
May 9, 1960

MIL-I-6181D
June 1, 1962

March 1, 1966

Apollo Configuration Manage-
ment Manual
OMSF Directive, Mass Proper-

ties Standards

Drawings, Engineering and
Associated Lists

Electrical-Electronic System
Compatibility and Interference
Control Requirements for
Aeronautical Weapon Systems,

V Assbcia;ed Sabsy;tem;, an;i
Aircraft

Interference Control Require-
ments, Aeronautical
Equipment

Interference Control Require-

ments, Aircraft Equipment
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3.0 Reguirements

3.1 Performance

3.1.1 Characteristics

3.1.1.1 General The Apollo Program is a focal point of the national

space program, the objective of which is to demonstrate and
maintain preeminence in space and space technology. The objective of
the Apollo Program is to carry out manned expeditions to the Moon for
the purpose of conducting scientific exploration on the lunar surface.
It is intended that the information and technology developed by the Apollo
Program shall provide the foundation for extensive planetary exploration,
for further lunar exploration and for extended Earth orbital activities.

Apollo lunar landing missions shall not be attempted until in-
flight and lunar surface environmental information essential for design
verification has been obtained.

The primary considerations which must be weighed in the
design and implementation of the Apollo system are listed below in order
of decreasing priority.

(a) Crew Safety and Mission Success Crew safety and mission

success shall be the primary considerations in the design of
the system. Crew safety is defined as the safe return of all crew mem-
bers whether or not the mission is completed. Mission success is de-
fined as the safe return of all crew members after a lunar landing.,

(b) Schedule Accomplishment of a manned lunar landing mission

as early as possible, but before the end of 1969, is a national
objective, Design approaches and decisions shall be made in recogni-
tion of this objective but not at the expense of confidence in crew safety

or mission success,
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. (c) Growth Potential Accommodations have been made in the de-

sign of Apollo equipment to provide growth potential where
such accommodations have not compromised crew safety, mission suc-
cess or the schedule of the primary mission. Additional requirements
for growth potential may be incorporated by changes to this specifica-
tion or by incorporation in the appendices.

3.1.1.2 Mission Performance

3.1.1.2.1 Mission Mode The Apollo mission shall be achieved

using the Lunar Orbit Rendezvous (LOR) mode. In this
mode, the Saturn V launch vehicle, consisting of an S-IC first stage,
an S-II second stage, an S-IVB third stage, and an Instrument Unit (IU)
~shall Taunch the spacecraft, propel it through an Earth parking orbit

phase and inject it into a lunar transfer trajectory. The spacecraft,
consisting of a Command Module (CM), a Service Module (SM) and a
Lunar Excursion Module (LEM) shall utilize the SM for propulsion after

‘ injection and until attainment of a lunar parking orbit. Two of the three
crew members in the CM shall transfer to the LEM, which shall sepa-
rate from the Command/Service Module {CSM) and descend to the lunar
surface. After lunar exploration, the two crew members shall ascend
in the LEM on a trajectory that shall permit rendezvous and docking
with the orbiting CSM, After the LEM crew has transferred to the CSM,
the LEM shall be jettisoned in lunar orbit. The CSM shall be returned
to the Earth by SM propulsion. The SM shall be jettisoned prior to
entry of the CM into the Earth's atmosphere. The CM shall be slowed
to a safe landing by aerodynamic braking and, during the final phases
of the landing sequence, by parachute.

3.1.1.2.2 Mission Command Primary command and decision making

shall be exercised by Earth-based personnel. The Manned
Space Flight Network (MSFN) shall be used for communication with the

space vehicle, including television, voice and data, and for tracking

‘ 209-774 O - 66 - 2
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of the space vehicle (the existing configuration of launch vehicle stages and ‘
spacecraft modules at a given point in the mission) during the Apollo
mission. Independent of Earth-based support, the spacecraft crew shall
be provided with the capability of completing or aborting the mission.
3.1.1.2.3 Payload The Apollo space vehicle shall be capable of
landing two astronauts and a minimum of 250 pounds of
scientific payload on the Moon, and returning the astronauts and a
minimum of 80 pounds of scientific payload safely to Earth, This capa-
bility shall be provided on any day of the year and for any preselected
lunar landing site within the area generally described by * 5O latitude
andi45o longitude. Further, this capability shall be provided when
using a free return translunar trajectory whenever such is consistent
with the AV budget of Table 3.5-1.
3.1.1.2.4 Earth Launch The capability shall be provided for launch:

(a) on any one of three successive days each of which con-

tains at least one launch window of at least 2.5 hours duration, (b)
during day and night and (¢) on any true azimuth between 072° and 108°.

3.1.1.2.5 Earth Parking Orbit The capability shall be provided for

performing the mission with a near-circular Earth orbit with
altitude between 85 and 105 nautical miles (nm).

3.1.1.2.6 Injection Opportunities Injection into a lunar transfer tra-

jectory shall occur no later than 4.5 hours after Earth orbit
insertion. The capability shall be provided for injection on either of
two successive Earth orbits.

3.1.1.2.7 Lunar landing Accuracy The capability shall be provided

for landing the astronauts at a preselected landing point on
the lunar surface independent of lunar-based landing aids with a CEP
of 0.5 nm excluding hover capability. With landing aids the CEP shall
be 100 feet.
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3.1.1.2.8 Lunar Exploration The capability shall be provided for a

stay time of 35 hours on the lunar surface (see 3.5.1.16).
This capability shall be provided for either lunar day or lunar night
conditions as specified in the appropriate mission appendix to this
specification. The capability shall be provided to permit the astronauts
to explore the lunar surface for distances of approximately 0.5 nm from
the LEM, lunar terrain permitting.

3.1.1.2.9 Earth Landing The normal Earth landing mode shall be on

water., The capability for water and land landing shall be
as specified in 3.5.1.24., The capability shall be provided for return
of the crew and CM to a landing within the latitude limits of 40°N and
47()OSW at gxny Wpre'sipecfifiea area determined By récox}eryfsuﬁpoﬁ: require-
ments.
3.1.1.2,10 Recovery Recovery forces shall be provided which shall
have the capability for recovering the CM and crew after a

landing at locations specified in the appropriate mission operations plan.

3.1.2 Program Definition

3.1.2.1 Apollo Program Specification Tree The upper levels of the

program specification tree are shown in Figure 3.1-1.

3.1.2.2 Inter-Center Interface Control Documents Inter-Center Inter-

face Control Documents are coordinated among Centers by a
procedure established in 1.4.7 of the Apollo Program Development Plan,
NPC C500, These documents are identified in the current Apollo Inter-
Center Interface Control Document Log. These documents shall reflect
the requirements of this specification and shall control the more detailed
design requirements in their respective areas after approval by the

affected Centers.
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3.1.3 Operability

3.1.3.1 Logistics This section contains logistic requirements as
they affect the design of equipment. Additional requirements

related to the Apollo Program Logistics Management System are con-

tained in Section 6 of the Apollo Program Development Plan NPC C500,

Logistics requirements must support the reliability requirements stated

in 3.1.3.3.

3.1.3.1.1 Maintainability Spece vehicles shall be designed so that

maintenance is not required in flight or on the lunar surface.
The design shall permit removal and replacement of "black boxes" during
the preflight phase without access to their interiors and with minimal
disturbance to the integrity of other assemblies. After replacement, the
equipment performance shall be at least equal to that of the initial
installation,

Items having the same functional and performance require-

ments shall be designed to be interchangeable wherever practicable.

Test points shall be provided in space vehicle subsystems
to permit fault isolation to the "black box" level. Ground Support Equip-
ment shall provide the capability for fault isolation in the space vehicle
to the "black box" level.

Ground maintenance capability, when combined with the
equipment reliability, shall provide the capability of meeting a launch
commitment with the reliability specified in 3.1.3.3.

3.1.3.1.2 Transportability The S=IB, S-IC and S-II stages shall be

capable of being transported by water and land., All other
flight equipment shall be designed to be transportable by water, land or
air. Instrumentation shall be provided to record those stresses en-
countered during transportation which could degrade equipment perform-

ance.
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Stages and modules shall be transportable in an assembled
form whenever practicable. Provisions shall be made for removal of
propellants, explosives and other hazardous materials prior to shipment.
3.1.3.1.3 Shelf Life The equipment design, packaging and storage

environment shall permit a shelf life of at least five years
wherever practicable.
3.1.3.2 Saf_ety All Apollo flight and ground equipment and facilities

shall be designed in accordance with the requirements set
forth in Section 11 of the Apollo Program Development Plan, NPC C500.
Crew safety goals and design requirements are given in 3,1.3.3. Addi-
tional safety considerations related to the performance of particular
stages, modules and subsystems are contained in the appropriate
sections of this specification.
3.1.3.3 Reliabilit?

3.1.3.3.1 Equipment Reliability The numerical values of reliability

to be used as requirements for engineering design and as a
standard for evaluating test results are given in Table 3.1-2. They are
stated as the probability that the equipment will successfully perform
its function during the mission. They shall not preclude, however, the
taking of all practicable steps in the design of flight and ground equip-
ment, the planning of flight and ground tests, the formulation of mission
profiles and mission rules and the training of the crew and operating
personnel to insure mission success and crew safety. (Mission success
and crew safety are defined in 3.1.1.1.)

3.1.3.3.2 Environmental Hazards The equipment for the lunar landing

mission shall be designed to cope with energetic particulate
radiation, micrometeoroids and unfavorable characteristics of the lunar
surface.

The reliability value of 0.99 shall be met or exceeded

for each of these hazards based on the models given in M=-DE
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TABLE 3.1-2

EQUIPMENT RELIABILITY

Phase Equipment Success Probabili‘cy4
1 Launch Vehicle3 0.97
Preflight :
Spacecraft3 0.98
Launch Complex and 0.95
Ground Support
S-IC 0.95
Launch Vehicle
S~11 0.95
2 S-IVB 0.95
Flight
10U 0.99
CSM/LES 0.96
Spacecraft —
LEM/Adapter 0.98
Ground Support 0.99

1. The preflight phase begins with the removal of the assembled
space vehicle from the Vertical Assembly Building (VAB) and ends
with liftoff within the scheduled periodof three consecutive days
as specified in 3.1.1.2.4.

2. The flight phase begins with space vehicle liftoff from the launch
pad and terminates with recovery of the crew and the CM.

3. Including vehicle-peculiar Ground Support Equipment.

4, Does not include effect of environment hazards as specified in
3.1.3.3.2.

CONFIDENTIAL
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8020.008B, Natural Environment and Physical Standards for the Apollo
Program.
3.1.3.3.3 Crew Safety The numerical values for the probability of
crew safety that shall be met or exceeded in the engineer-
ing design are:
(@) 0.99 for the spacecraft and those elements of the launch com-
plex and ground system which support its operation,
(b) 0.99 for the launch vehicle and those elements of the launch
complex and ground equipment which support its operation.
It is expected that the crew safety probabilities will be

used mainly to estimate numerically a tradeoff between competing crew

3.1.3.3.,4 System Design Policy A primary policy governing the design

of the system is that wherever possible no single failure
shall cause the loss of any crew member, prevent the successful con-
tinuation of the mission, or in the event of a second failure in the same
area, prevent a successful abort of the mission,

In those areas in which performance and reliability require-
ments can be met by the use of established technology, the design shall
not be made dependent upon the development of new components or
techniques based on new art and technology.

3.1.3.3.5 Reliability Assurance Assurance as to the reliability of

each article required for the success or safety of a mission
will be mainly obtained by proper design qualification and inspection,
A primary policy governing design qualification for any given Apollo
mission is that, to the extent practicable, prior flight and/or ground
tests shall demonstrate that the system is capable of meeting mission
requirements. The design procedure will include documented analysis
of all failures observed in the test programs and the elimination of the

cause for all such failures., The test program will provide data so that
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an engineering appraisal can be made to determine that the design is
capable of meeting the reliability apportionment. See 4.0 - Quality

Assurance,

3.2 Program Standards

3.2.1 Natural Environment and Physical Standards The natural

environment data that shall be used in the Apollo Program are
contained in Natural Environment and Physical Standards for the Apollo
Program, M-DE 8020.008B. Specific applications are called out in
other sections of this specification. The apportionment of design relia-
bility necessary to overcome environmental conditions is included in the
requirements of 3.1.3.3.

Unless otherwise noted, a sea level gravitational acceleration

(g) of 980,665 cm/sec2 shall be used throughout this specification as a

reference of measurement,

3.2.2 Electromagnetic Interference Control All systems and sub-

systems of the Apollo Program shall be designed in accordance
with the requirements of MIL-E-6051C. Equipment in the systems and
subsystems shall be designed in accordance with the requirements of
MIL-I-26600 or MIL-I-6181D, as applicable. Modifications of these
specifications for use in the Apollo Program shall be approved by the

cognizant NASA Centers.

3.2.3 Drawings All drawings shall be prepared in accordance with

MIL-D-70327 and NASA Cover Sheet Specification for Draw-
ings, Engineering and Associated Lists, NASA A9204S001A dated
December 15, 1964,
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3.2.4 Configuration Management Configuration management pro-

cedures shall be as described in Section 5 of the Apollo Pro-

gram Development Plan, NPC C500,

3.2.5 Coordinate System Standards The Project Apollo Coordinate

System Standards, SE 008-001-1, contains the approved
coordinate system standards for the Apollo Program. These standards

shall be used throughout the Apollo Program.,

3.3 Saturn IB Launch Vehicle

3.3.1 Geneiral 'i‘he Séturn iB launch vehicle shall be composed of
two stages, S-IB and S-IVB (Saturn IB version), and an Instru-

ment Unit (IU), (Saturn IB version). The launch vehicle control

weights shall be as specified in Table 10,1-1, Appendix 10.1. The

S-IVB and IU (Saturn IB versions) shall be capable of maintaining attitude

control of the spacecraft for 4.5 hours in Earth orbit, Components of

the S-IVB and IU (Saturn IB versions) shall be identical with those of the

S-IVB and the IU (Saturn V versions) where practicable. In addition,

the S-IVB stage and the IU (Saturn IB versions) shall be capable of

meeting the requirements of this specification under the natural environ-

ment of terrestrial space as given in Section 3 of M-DE 8020.008B.

3.3.1.1 Payload The launch vehicle shall have the payload capa-

bility specified in Table 10.1-1 of Appendix 10.1.
3.3.1.2 Standby Time The launch vehicle shall have the capability

to stand by in a loaded condition with propellant topping for
12 hours and still perform the mission.

3.3.1.3 Prelaunch Checkout See 3.4.1.3.

3.3.1.4 In-Flight Performance Evaluation See 3.4.1.4.

3.3.1.5 Emergency Detection Subsystem See 3.4.1.5.
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3.3.1.6 Instrumentation See 3.4.1.6.

3.3.1.7 Command Destruct See 3.4.1.7.
3.3.1.8 Electrical Power See 3.4.1.8.

3.3.2 Structure The launch vehicle structure shall be self-supporting
with the propellant containers pressurized or unpressurized.

3.3.2.1 Prelaunch Environment See 3.4.2.1.

3.3.2.2 Launch and Flight Environment See 3.4.2.2.

3.3.3 Propulsion
3.3.3.1 S-IB Stage

3.3.3.1.1 Main Propulsion Subsystem The main propulsion subsystem

shall consist of eight H-1 liquid-propellant rocket engines.
Four of these engines shall be gimbal-mounted for flight control pur-
poses.
3.3.3.1.1.,1 Propellants The H-1 engines shall utilize liquid oxygen
and RP-1 as propellants.
3.3.3.1.1,2 Thrust Each H-1 engine shall provide a sea level thrust
of 205,000 £ 2000 pounds.

3.3.3.1.1.3 Specific Impulse Each H-1 engine shall provide a

nominal sea level specific impulse of 263 seconds. The
minimum sea level specific impulse shall be 260 seconds.

3.3.3.1.2 Retrorocket Subsytem The retrorocket subsystem, in con-

junction with the S-IVB stage ullage rockets, shall provide
the thrust for separation of the S-IB stage from the S-IVB stage. Failure
of one retrorocket shall not prevent separation.
3.3.3.2 S-IVB Stage

3.3.3.2,1 Main Propulsion Subsystem The main propulsion subsystem

shall consist of one J-2 engine gimbal-mounted for pitch

and yaw control.
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3.3.3.2.1.1 Propellants See 3.4.3.2.1.1.

3.3.3.2.1.2 ’}‘@_s_t_ Each J-2 engine shall provide a vacuum thrust of
200,000 + 6000 pounds.

3.3.3.2.1.3 Specific Impulse See 3.4.3.2.1.3.

3.3.3.2.2 Auxiliary Propulsion Subsystem The auxiliary propulsion

subsystem shall provide thrust for roll control during powered
flight and attitude control about three axes during unpowered flight, The
auxiliary propulsion subsystem shall utilize nitrogen tetroxide and mono-
methylhydrazine as propellants,

3.3.3.2.3 Ullage Rocket Subsystem See 3.4.3.2.3.

3.3.4 Launch Vehicle Guidance, Navigation and Control

3.3.4.1 General The launch vehicle guidance, navigation and con-
trol system shall provide the guidance, navigation and control
functions which are required for the space vehicle from liftoff through
separation of the spacecraft from the launch vehicle. The principal ele-
ments shall be an inertial measurement unit (IMU), a digital computer
and control electronics. These elements shall be located in the IU.
3.3.4.1.1 The launch vehicle guidance, navigation and control system
shall:
(a) Be capable of automatic operation independent of external com-
mands during thrusting phases.
(b) Be capable of accepting from the ground, during coasting phases
of the mission, commands to initiate operations and data for
updating the information stored in the digital computer.
(c) Be capable of guiding the space vehicle into Earth orbit without
plane change at any time within the launch window,
(d) Not require realignment of its inertial attitude reference after

launch.
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(e) Include a means for checkout of the launch vehicle guidance,
navigation and control system, both on the launch pad and in
Earth parking orbit.
3.3.4.1.2 The capability shall be provided in the launch vehicle to
utilize CM guidance and control commands as an alternative
means of:
(a) Attitude control of space vehicle during the coasting phase of
the mission which occurs after S-IVB ignition.
(b) Space vehicle guidance and control for Earth orbit insertion

after S-IVB ignition,

3.3.5 Saturn IB Launch Vehicle Communications and Tracking

3.3.5.1 General The general requirements shall be the same as for
the Saturn V launch vehicle Communication and Tracking
System stated in 3.4.5.1.

3.3.5.2 Functional Capability

3.3.5.2.1 Telemetry The telemetry subsystem shall be able to:
(a) Transmit data required for operational control by an independent
transmitter in each stage and the IU,
(b) Transmit the data required for postflight analysis.
(c) Operate continuously in the S-IVB and IU for at least 4.5 hours
after launch.
3.3.5.2.2 Tracking Aid The tracking aid subsystem shall enable the
MSFN and Eastern Test Range (ETR) stations to track the
launch vehicle continuously by at least two independent means during
the launch phase irrespective of vehicle attitude, The tracking aid sub-
system in the IU shall be able to:
(a) Operate continuously for at least 4,5 hours after launch.
(b) Permit angle and range tracking when in line-of-sight of suitably

equipped MSFN stations.
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3.3.5.2.3 Up-Data The up-data subsystem in the IU shall be able to
receive data from the MSFN for at least 4.5 hours after
launch.
The up-data subsystem shall be able to supply verification
signals to the MSFN via the S-IVB and IU operational telemetry trans-
mitters.,

3.3.5.2.4 Command Destruct The command destruct requirements shall

be the same as for the Saturn V launch vehicle stated in
3.4.5.2.4,

3.3.5.3 Coverage Capability The Saturn IB Communication and Track-

P et e

ing System shall be able to operate with the MSFN to achieve
the co?zerage speci?iéd in Tablerﬁér.7—4.
3.3.5.4 Performance The Saturn IB Communication and Tracking Sys-

tem shall meet the requirements specified in Table 3.3-1,

3.4 Saturn V Launch Vehicle

3.4.1 General The Saturn V launch vehicle shall be composed of
three stages, S-IC, S-II and S-IVB, and an IU. The launch

vehicle control weights shall be as specified in Table 10,1-2,

Appendix 10.1. The S-IVB stage and the IU shall be capable of meeting

the requirements of this specification when subjected to the natural en-

vironment of terrestrial space as given in Section 3 of M-DE 8020.008B.

3.4.1,1 Payload The launch vehicle shall have the payload capa-

bility specified in Table 10.1~2 of Appendix 10.1.
3.4.1,2 Standby Time The launch vehicle shall have the capability

to stand by in a loaded condition with propellant topping for
the duration of the launch window and still perform the mission, The
launch vehicle shall have the capability for meeting a launch window on

each of three successive days.
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3.4.1.3 Prelaunch Checkout The launch vehicle shall be designed to

facilitate remote checkout during the prelaunch phase by auto-
mated equipment designed in accordance with the requirements of 3.6.2.

3.4.1.4 In-Flight Performance Evaluation The S-IVB/IU shall be de-

signed to facilitate in-flight system performance and status
evaluation by the MCC.
3.4.1.5 Emergency Detection Subsystem (EDS) The launch vehicle

shall contain an EDS which shall be capable of sensing
incipient launch vehicle failures which might result in crew loss, EDS
information shall be provided for display to the crew and to ground per-
sonnel. The EDS shall have the capability to initiate automatically the
crew escape sequence if the failure is such that the crew would not have
time to escape safely by manual initiation,

3.4.1.6 Instrumentation An instrumentation subsystem shall be pro-

vided in the launch vehicle to permit the crew and ground

personnel to monitor and evaluate launch vehicle performance.

3.4.1.7 Command Destruct The launch vehicle shall contain two sep-

arate command destruct subsystems on each propulsive stage
for emergency thrust termination and propellant dispersal on ground com-~-
mand. The propellant dispersal subsystem shall be designed so that it is
armed by receipt of an emergency thrust termination signal. A second
discrete ground command shall be required to actively disperse the prc-
pellants (see 3.4.5.2.4).

3.4.1.8 Electrical Power Electrical power shall be supplied by batteries

during flight and by ground support equipment during checkout,
countdown and standby periods. Separate batteries shall be
provided in each stage and in the IU,

3.4.1.9 Attitude Control The S-IVB stage in conjunction with the IU

shall be capable of maintaining the space vehicle at commanded

attitudes for 4.5 hours during Earth orbit, and for 2 hours after injection

into translunar trajectory to allow transposition and dock.
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3.4.2 Structure The space vehicle shall be capable of being trans-

ported in a vertical position from the VAB to the launch site
(see 3.6.3). In addition, the space vehicle shall have a freestanding
capability, with the propellant containers pressurized or unpressurized,
on the launch pad during 99.9 percentile peak surface wind conditions
given in 2.3.2.1 of M-DE 8020.008B.

3.4.2.1 Prelaunch Environment During the prelaunch period, the space

vehicle shall be capable of withstanding the natural ground

environment given in 2,2 of M-DE 8020.008B.

3.4.2.2 Launch and Flight Environment The space vehicle shall be

_capable of being launched in the 95 percentile peak surface
wind conditions given in 2,3.2.3 of M-DE 8020,008B and associated
wind shears given in 2.3.2.4 of M-DE 8020.008B, The space vehicle
shall be capable of flight in the 95 percentile quasi-steady state in-
flight winds given in 2,3.2,5 of M-DE 8020.008B. In addition, the
vehicle shall be capable of flight with 85 percent of the 99 percentile
wind shears given in 2,.3.2,.6 of M=-DE 8020.008B, and with 85 percent
of the quasi-square wave gust given in 2,3.2.8 of M-DE 8020.008B
both superimposed on the 95 percentile quasi-steady state in-flight

winds given in 2.3.2.5 of M-DE 8020,008B,

3.4.3 Propulsion
3.4.3.1 S-IC Stages

3.4.3.1.1 Main Propulsion Subsystem The main propulsion subsystem

shall consist of five F-1 liquid-propellant rocket engines.
Four of these engines shall be gimbal-mounted for flight control purposes.
3.4.3.1.1.1 Propellants The F-1 engines shall utilize liquid oxygen
and RP-1 as propellants.
3.4.3.1.1.,2 Thrust Each F-1 engine shall provide a sea level thrust

+23,000
of 1,522,000 T 5" 0o

pounds.
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3.4.3.1.1.3 Specific Impulse Each F-1 engine shall provide a nom=-

inal sea level specific impulse of 264.5 seconds. The
minimum sea level specific impulse shall be 263 seconds.

3.4.3.1.2 Retrorocket Subsystem The retrorocket subsystem, in con-

junction with the S-II stage ullage rockets, shall provide
the thrust for separating the S-IC stage from the S-IC/S-II interstage.
Failure of one retrorocket shall not prevent separation.
3.4.3.2 S-II Stage

3.4.3.2.1 Main Propulsion Subsystem The main propulsion subsystem

shall consist of five J-2 liquid propellant rocket engines.
Four of these engines shall be gimbal-mounted for flight control purposes.
3.4.3.2.1.1 Propellants The J-2 engine shall utilize liquid oxygen
and liquid hydrogen as propellants.
3.4.3.2.1.2 Thrust Each J-2 engine shall provide a vacuum thrust of
205,000 + 6,150 pounds.

3.4.3.2.1.3 Specific Impulse Each J-2 engine shall provide a nom-

inal vacuum specific impulse of 426 seconds. The mini-
mum vacuum specific impulse shall be 422 seconds.

3.4.3.2.2 Retrorocket Subsystem The retrorocket subsystem, in con-

junction with the S~IVB auxiliary propulsion subsystem, shall
provide the thrust for separating the S-II stage from the S-IVB stage.
Failure of one retrorocket shall not prevent separation,

3.4.3.2.3 Ullage Rocket Subsystem The ullage rocket subsystem shall

provide the thrust for propellant settling sufficient for J-2
engine ignition, Failure of one ullage rocket shall not prevent effective
propellant settling.
3.4.3.3 S-IVB Stage

3.4.3.3.1 Main Propulsion Subsystem The main propulsion subsystem

shall consist of one J-2 engine as specified in 3.4.3.2.1,

gimbal-mounted for pitch and yaw control. The engine shall be capable

CONFIDENTIAL
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of at least one orbital restart. The subsystem shall be designed for con-
tinuous venting of propellant boiloff during coast.

3.4.3.3.2 Auxiliary Propulsion Subsystem The auxiliary propulsion

subsystem shall provide thrust for: (a) roll control during
powered flight, (b) attitude control about three axes during coast and
(c) propellant settling for J-2 engine restart. To the extent that unused
propellants permit, the auxiliary propulsion subsystem shall also be used
to alter the flight path of the S-IVB/IU in order to avoid impact with the
spacecraft after separation. The auxiliary propulsion subsystem shall

utilize nitrogen tetroxide and monomethylhydrazine as propellants.

3.4.3.3.3 Ullage Rocket Subsystem The ullage rocket subsystem shall
provide the thrust for propellani: se;ttliﬁg sufficient for initial
J-2 engine ignition, Failure of one ullage rocket shall not prevent effec-

tive propellant settling.

3.4.4 Guidance, Navigation and Control

3.4.4.1 General The launch vehicle guidance, navigation and control
system shall provide the guidance, navigation and conirel
functions which are required for the space vehicle from liftoff through
transposition and docking. The principal elements shall be an inertial
measurement unit (IMU), a digital computer and control electronics.
These elements shall be located in the IU,
3.4.4,1.1 The launch vehicle guidance, navigation and control system
shall:
(a) Be capable of automatic operation independent of external com-
mands during thrusting phases.
(b) Be capable of accepting from the ground, during coasting phases
of the mission, commands to initiate operations and data for up-
dating the information stored in the digital computer.
(c) Be capable of guiding the space vehicle into Earth orbit without

plane change at any time within the launch window.

209-774 O - 66 -3



March 1, 1966 22

(d) Not require realignment of its inertial attitude reference after
launch,
(e) Include a means for checkout of the launch vehicle guidance,
navigation and control system both on the launch pad and in
Earth orbit,
3.4.4.1.2 The capability shall be provided in the launch vehicle to
utilize CM guidance and control commands as alternative
means of:
(a) Attitude control of the space vehicle during coasting phases of
the mission which occur after S-IVB ignition.
(b) Space vehicle guidance and control for Earth orbit insertion
after S-II ignition.
(c) Space vehicle guidance and control for translunar injection.
3.4.4.2 Accuracy The accuracy requirements for the launch vehicle
navigation, guidance and control system are specified by the

following allowable bounds at the cutoff of translunar injection

§position = 10,000 feet

6x = 15 feet/sec

\/(mz v (s2)% = 100 ft/sec

The error components are given in an Earth-centered, right-handed rec-
tangular coordinate system with the y axis passing through the nominal
cutoff point and the x axis lying in the nominal orbit plane., The error

components are measured from the nominal cutoff conditions,

3.4.5 Saturn V Launch Vehicle Communications and Tracking

3.4.5.1 General The Communication and Tracking System of the
Saturn V launch vehicle shall have the following capabilities:
(a) Telemetry transmission.,

(b) Tracking aid.
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(c) Up-data reception.
(d) Command-destruct data reception.

3.4.5.2 Functional Capability

3.4.5.2,1 Telemetry The telemetry subsystem shall be able to:
(@) Transmit data required for operational control by an independent
transmitter in each stage and the IU.
(b) Transmit the data required for postflight analysis,
(c) Operate continuously in the S-IVB and IU for at least 6.5 hours
after launch.
3.4.5.2.2 Tracking Aid The tracking aid subsystem shall enable the
MSFN and ETR stations to track the launch vehicle continu-
ously by at least two independent means duringith?e iau?ncih éha;sé ixzreépéc;
tive of vehicle attitude. The tracking aid subsystem in the IU shall be
able to:
(@) Operate continuously for at least 6.5 hours after launch.
. (b) Permit angle and range tracking when in line-of-sight of suitably
equipped MSFN stations.
3.4.5.2.3 Up-Data The up-data subsystem in the IU shall be able to
receive data from the MSFN for at least 6.5 hours after
launch. The up-data subsystem shall be able to supply verification
signals to the S-IVB and IU operational telemetry transmitters for trans-
mission to the MSFN.

3.4.5.2.4 Command Destruct The command destruct subsystem shall:

(a) Include two sets of identical and independent command receivers
and decoders on each propulsive stage.

(b) Be compatible with and be operable by the range safety command
transmitters installed at the stations of ETR.

(c) Permit continuous data reception irrespective of vehicle attitude
from liftoff until the predicted impact points of the stages are

outside of the areas specified by range safety.
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3.4.5.3 Coverage Capability The Saturn V Communication and Track=-

ing System shall be able to operate with the MSFN to achieve
the coverage specified in Table 3.7-3.
3.4.5.4 Performance The Saturn V Communication and Tracking System
shall meet the requirements specified in Table 3.4-1. The
Command and Communication System (CCS) in the IU, which operates at
the same frequencies as the Unified S-Band (USB) subsystem in the LEM,
shall be capable of being deactivated after separation of the spacecraft

from the launch vehicle.
3.5 Spacecraft

3.5.1 General The spacecraft shall be composed of a Command
Module (CM), Service Module (SM), Launch Escape System
(LES), Adapter and Lunar Excursion Module (LEM). The LEM shall be

composed of an ascent stage and a descent stage. The spacecraft shall

be designed to be mated to either a Saturn IB or a Saturn V launch
vehicle,

Spacecraft control weights shall be as specified in Table 10.1-4,
Appendix 10.1. Spacecraft propulsion performance characteristics, in-
cluding the AV budget for the lunar landing mission, are specified in
Table 3.5-1.

The CM shall be the spacecraft command center for the per-
formance of crew-initiated functions, except for LEM functions during
LEM operations. The LEM ascent stage shall contain a command center
for the performance of crew-initiated functions during LEM operations.

An instrumentation subsystem shall be provided in the spacecraft which,
in conjunction with the D&C subsystem, shall permit the crew and ground
personnel to monitor and evaluate spacecraft performance. The space-

craft shall be capable of utilizing data from Earth-based tracking and
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computing facilities in conjunction with onboard computations. In ad-
dition, the spacecraft shall be capable of performing the mission or of
aborting independent of ground facilities.

The spacecraft system shall be designed to accomplish the LOR
mission at the design performance levels specified herein. Fourteen-day
Earth orbital or lunar missions shall be possible by appropriate system
management.

No equipment or components critical to the completion of the
mission shall be dependent on the cabin atmosphere for electrical insula-
tion or thermal conditioning. Only those materials which do not present
a fire hazard or emit harmful quantities of atmospheric contaminants when
exporﬁsﬂed to ah oxygerz-enrichéd, low:pressuf; enviro;ment sHall be ﬁsed

in the crew envelopes of the CM and LEM.

3.5.1.1 Prelaunch Environment During the prelaunch period, the

spacecraft shall be capable of withstanding natural ground
environment and winds as specified 3.4.2.

3.5.1.2 Prelaunch Checkout The spacecraft shall be designed to

facilitate remote checkout during the prelaunch phase by
automated equipment designed in accordance with the requirements of
3.6.2.

3.5.1.3 In-Flight Performance Evaluation The spacecraft shall be de-

signed to facilitate in-flight system performance and status
evaluation by the MCC.

3.5.1.4 Standby Time As a minimum, the spacecraft shall have the

capability to stand by in a loaded condition after launch
vehicle propellant loading, for the duration of the launch window and
still perform the mission. The spacecraft shall have the capability to

meet a launch window on each of three successive days.
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3.5.1.5 Launch and Fiight Environment The spacecraft shall be capa-

ble of being launched in the wind conditions specified in

3.4.2.2,
3.5.1.6 Earth Orbit Environment During the Earth orbit phase, the

spacecraft shall be capable of operating in the terrestrial
space environment as given in Section 3 of M-DE 8020.,008B.

3.5.1.7 Translunar Environment During the translunar phases and

lunar orbit operations, the spacecraft shall be capable of
operating in the cislunar space environment as given in Section 4 of
M-DE 8020,008B.
3.5.1.8 Transgposition The CSM shall be capable of being reposi-

tioned from the launch configuration to the docked configura-
tion within two hours after injection. After transposition, the spacecraft
shall be capable of being separated from the S-IVB/IU and of avoiding
impact with the S-IVB/IU during subsequent flight maneuvers.

3.5.1.9 One-Man Operation The spacecraft shall be designed so that

a single crew member can perform all functions required to
accomplish a safe return to Earth from any point in the mission. The
CSM shall be designed so that during lunar operations a single crew
member can perform all essential CSM operations for at least seven days.
The LEM shall be designed so that a single crew member can perform all
essential LEM operations during LEM phases.

3.5.1.10 CSM-LEM Abort The spacecraft shall be capable of utilizing

the LEM descent propulsion as backup to SPS propulsion to the
extent that LEM propellant supplies permit.
3.5.1.11 Separation Time All LEM subsystems shall be capable of

meeting their performance requirements for a minimum of 48
hours while separated from the CSM,

3.5.1.12 Descent Abort The LEM ascent stage shall be capable of

separating from the descent stage during descent, and of

returning to lunar orbit.
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3.5.1.13 Translational Range The LEM shall have the capability for

a translational range of at least 1000 feet during hover above
the lunar surface,

3.5.1.14 Lunar Environment During lunar operations including LEM

landing and takeoff, all spacecraft subsystems exposed to
the lunar surface environment shall be capable of operating in the envi-
ronmental conditions given in 5.0 of M-DE 8020,008B.
3.5.1.15 Lunar Landing The LEM shall be capable of performing a

controlled soft landing at any point in the landing area where
the lunar surface characteristics fall within the range of the surface con-

ditions given in 5.8 of M-DE 8020.008B. The lunar landing accuracy

I o

shall be as specified in 3.1.1.2.7.
3.5.1.16 Lunar Operations The capability shall be provided for a

planned stay time of 35 hours on the lunar surface. The LEM
shall be capable of utilizing the 9-hour contingency capability specified
in 3.5.1.20 (c) to extend lunar stay time to 44 hours.

The LEM shall be capable of accommodating the temperatures
of lunar day or lunar night as givenin 5.7 of M-DE 8020,.008B and as
required by the appropriate mission appendix to this specification. The
LEM subsystems shall be capable of supporting lunar exploration as
specified in 3.1.1.2,8. It shall be capable of being left unoccupied
with the cabin unpressurized on the lunar surface.

3.5.1.17 Scientific Equipment Support See 3.5.7

3.5.1.18 Sterilization Sterilization of the spacecraft shall not be
required.

3.5.1.19 Launch Platform The descent stage shall be capable of being

used as a launch platform by the ascent stage on the lunar
surface. The ascent stage shall be capable of lunar liftoff when the

LEM is tilted up to 30O from the local vertical.,
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3.5.1.20 Ascent Stage Operations The LEM ascent stage shall be

capable of operation independent from the descent stage for
at least the time required to perform the following operations:
(@) Prelaunch checkout on the lunar surface.
(b) Ascent, rendezvous and dock.
(c) Nine-hour contingency stay time in lunar orbit after launch any
time from the lunar surface.

3.5.1.21 Rendezvous and Dock Both the LEM and CSM shall have the

capability to rendezvous and dock with the other in lunar
orbit.
3.5.1.22 Entry The CM shall be capable of controlled flight through
the Earth's atmosphere (as given in 2.5 of M-DE 8020. 008B)
to any preselected impact point having a ground range between 1,500 nm
and 2,500 nm from the entry point (defined as the point at which the
vehicle first descends through the 400,000 feet altitude level). Addi-

tionally, the CM shall be capable of safe flight to all extended ranges
between 2,500 nm and 3,500 nm. Both of these shall be possible with-
out exceeding a 10g deceleration for inertial entry velocities up to
36,500 fps and equatorial inclinations between i900. The design limit
entry load for all CM systems shall be a 20g deceleration.

3.5.1.23 Aerodynamic Characteristics The CM shall have an offset

center of gravity (cg) which will produce a lift-to-drag ratio
of 0,34 %.04 at Mach 6, The direction of the lift vector shall be con-
trollable through the use of the attitude control subsystem.,
3.5.1.24 Landing With two-thirds or more of the parachute area effec-
tive,
(@) The capability shall be provided for safe landing on water under
conditions given in 2.6.2 of M-DE 8020. 008B.
(b) The capability shall be provided for a survivable landing on land

under conditions given in 2,6.,1 of M=DE 8020.008B,
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3.5.1.25 Postlanding The CM shall provide a survivable environment
and provisions for the crew for two days after landing under

environmental conditions given in 2,7 of M-DE 8020.008B. It shall be

capable of floating in an apex-up, stable attitude for at least 48 hours

and of remaining afloat for a total of at least seven days under environ-

mental conditions given in 2,8 of M-DE 8020.008B.

3.5.1.26 Recovery The CM shall be equipped with recovery aids to
assist recovery forces in locating it after landing and in

effecting recovery of the crew and the vehicle.

3.5.2 Command and Service Modules

3.5.2.1 Structure o

3.5.2.1.1 Cabin Space The CM cabin shall provide sufficient space
to allow three crew members wearing pressurized suits to
perform all functions required for crew safety and mission success.
3.5.2.1.2 Windows Window areas shall be provided to allow the
CM crew to perform rendezvous and docking maneuvers with
the LEM using direct visual means.

3.5.2.1.3 Ingress and Egress The structure shall be designed to per-

mit the following:
(2) Intravehicular transfer of crew members between the docked
CSM and LEM within the controlled environment.
(b) Egress to and ingress from space by crew members, including
extravehicular transfer in either the docked or undocked con-
figuration without assistance from any other crew member.
(c) Passage through all hatches by astronauts in inflated suits.
(d) Rapid emergency egress from the CM while on the launch pad.
3.5.2.1.4 Docking A docking mechanism which will provide a positive

structural tie between the CM and LEM shall be provided.
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3.5.2.1.5 Thermal Requirements Passive thermal control shall be

provided to minimize heat transfer through the walls. Ther-
mal designs may take advantage of change in spacecraft orientation,
provided that there shall be no compromise of required operational flex-
ibility.
3.5.2.1.6 Extravehicular Mobility Unit (EMU) Storage The CM will

provide the capability of storing EMU components necessary
for:
(a) Three crewmen to operate in a pressurized cabin.
(b) Three crewmen to operate in an unpressurized cabin.
(c) One crewman to conduct extravehicular operations.,

3.5.2.2 CSM Propulsion

3.5.2.2.1 General Performance characteristics of the CSM propulsion
subsystems shall be as specified in Table 3.5-1. The

service life of propulsion subsystems after pre-mission testing shall

allow the engines to be fired for sufficient time to deplete propellants
available when all propellant tanks are loaded to the maximum capacity.

3.5.2.2.2 Command Module Reaction Control Subsystem The CM

RCS shall provide thrust for attitude control of the CM about
three axes after separation from the SM. There shall be two separate,
redundant subsystems, each having provisions for dumping unburned
propellant and venting the pressurizing gas prior to touchdown.

3.5.2.2.3 Service Module Reaction Control Subsystem The SM RCS

shall provide thrust for attitude control about three axes
when the spacecraft is in the CSM or CSM/LEM configuration. The SM
RCS shall provide thrust for propellant settling for the SPS and thrust for
small translational maneuvers. The SM RCS shall have four engine

clusters, any two of which are sufficient to accomplish the mission.
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TABLE 3,5-1

March 1, 1966

SPACECRAFT PROPULSION PERFORMANCE CHARACTERISTICS

SPS CM SM LEM LEM LEM
RCS RCS ASCENT | DESCENT RCS
Vacuum 20,000 88+ 100 3,500 10,500+ 100
Thrust 1% 3.45 | 5% +2.5% 3% to 5%
(1bs per thruster) 1,050 (1)
Vacuum Nominal |315 274 280 309 309(100%F) | 280
Steady
State Minimum [313 266 275 306 305(100%F) |275
isp (sec) 285(10%F)
Maximum
Vacuum 1
Impulse Bit (2) 5000200 to | .5+.45 N/A .5%.45
(lb-seconds) 2
Propellant Combination |(3) (4) (3) (3) (3) (3)
AV 3607 (LEM
Allocations attached) & N/A N/A 6150(5) 17332 436(5)
(fps 3870(with~-
out LEM)
RCS Usable Propellant
Tank Capacity (1bs) N/A 225 790 N/A N/A 575

(Numbers in brackets refer to notes below)

NOTES:
(1)

Thrust controllable between 10,500 l1bs and 1,050 lbs.

(2)
(3)

(4)
(5)

Bit is defined as the minimum obtainable pulse.
N_,O, with .45 to .85% NO by weight, UDMH/NZH

274 4°
NO by weight, MMH.

N204 with .45 to .85%
Additional capability must be provided to compensate for moment unbalance
during ascent engine thrusting.

P
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3'5.2‘2.

4 Service Module Propulsion Subsystem The SPS shall pro-

vide thrust for translational maneuvers of the spacecraft in

both the CSM and CSM/LEM configurations. The SPS shall be capable

of providing thrust for abort maneuvers from the separation of the LES

until entry.

3.5.2.3

3.5.2.3.

(a)
(b)
(c)
(d)
(e)
(f)

3.5.2.3.
3.5.2.3.

between:
(a)
(b)
(c)

(d)
(e)
(£)

(9)
(h)

CSM Communications and Tracking

1 General The CSM Communication and Tracking System
shall provide the following capabilities:

Voice communications,

Telemetry transmission and reception,

Tracking aid.

Up-data reception,

Television transmission,

Recovery beacon transmission.

2 Functional Capability

2.1 Voice Communications The voice communication subsys-

tem shall be able to provide 2-way voice communication

Crew members in the pressurized or the unpressurized CM.

The CSM and one or two extravehicular astronauts (EVA).

The CSM and LEM in both the separated and the docked con-
figurations.

The MSFN and three astronauts in the CSM.

An EVA (near the CSM) and the MSFN using the CSM as a relay.
The CSM, LEM and MSFN both as a conference loop and with
one acting as a relay for the other two.

The CSM and the launch complex prior to liftoff.

The CM and the recovery forces.

Manually-keyed transmission from the CSM to the MSFN

shall be provided as an emergency backup.

’ “hm'm
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The voice communication subsystem shall be able to record

and transmit recorded CSM voice communications to the MSFN without

interrupting normal voice communications.,

3.5.2.3.2.2 Telemetry The telemetry subsystem shall be able to:

(a)

(b)
(c)

(d)

(e)

(1)

Transmit operational data from the CSM to the MSFN at a high
and low bit data rate.

Transmit scientific data from the CSM to the MSFN.,

Transmit instrumentation and biomedical data from an EMU
during checkout in the CSM to the MSFN.

Receive instrumentation and biomedical data from an EVA (near

the CSM), and transmit this data to the MSFN.

'Receive and record, in the CSM, low bit rate telemetry from

the LEM.
Transmit recorded telemetry data at the high bit rate simul-

taneously with the CSM operational data.

3.5.2.3.2.3 Tracking Aid The tracking aid subsystem shall enable:

(a)
(b)

The MSFN to track the CSM,
The LEM to track the CSM.

3.5.2,3.2.4 Up-Data The up-data subsystem shall be able to:

(a)
(b)

(c)

Receive data from the MSFN.

Provide, in conjunction with the PNGCS, for the display of up-
data addressed to the digital guidance computer.,

Supply up-data verification signals to the MSFN via the CSM

telemetry subsystem.

3.5.2,3.2.5 Television The television subsystem shall be able to

transmit television pictures to the MSFN.

3.5.2.3.2.6 Recovery Beacon Continuous beacon operation from the

down,

CM shall be provided for at least two days after touch-
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3.5.2.3.3 Coverage Capability
3.5.2.3.3.1 CSM-MSFN The CSM Communication and Tracking

System shall be able to operate with the MSFN to achieve
the coverage specified in Table 3.7-1.,
3.5.2.3.3.2 CSM-LEM The following line-of-sight communications
and tracking coverage between the CSM and the LEM
shall be provided:
(a) Two-way voice communications from the docked position to a
range of 550 nm.
(b) CSM reception of telemetry from the LEM whenever the LEM is
within a range of 300 nm.
(c) LEM tracking of the CSM tracking aid whenever the CSM is
within a range of 400 nm,
3.5.2.3.3,3 CSM-~-EVA The CSM shall be able to:

(a) Maintain continuous 2-way voice communications with one or

two EVA's.
(b) Receive continuous EMU telemetry from an EVA.
Both requirements shall be met for ranges up to 1 nm,
3.5.2.3.4 Performance The CSM Communication and Tracking System
shall meet the requirements specified in Tables 3.5-2A and
3.5-2B,
3.5.2.4 Electrical Power Subsystem
3.5.2.4.1 General The CSM Electrical Power Subsystem (EPS) shall

generate and distribute all the electrical power required by
the CSM during all phases of a 14-day mission plus 48 hours of the post-
landing recovery period. In addition, the CSM EPS shall be capable of
supplying power to the LEM during the translunar and lunar orbit phases.
Until SM separation, the primary source of electrical power shall be fuel

cells, After SM separation, CM power shall be supplied by batteries.
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3.5.2.4.2 Nominal Capacity The EPS shall utilize three liquid hydro-

gen and liquid oxygen fuel cells, and shall be capable of
supplying a total of 575 kwh of electrical energy. Each fuel cell shall
be capable of supplying power over a range from 565 watts to 1400 watts.
The EPS shall be capable of recharging the entry and postlanding bat-
teries,

3.5.2,4.3 Sizing In the event of the failure of one fuel cell, the re-

maining two cells shall have sufficient capacity to continue
the normal mission, assisted by storage batteries. In the event of the
failure of two fuel cells, the remaining cell when assisted by storage
batteries shall have the capacity to supply all essential power for a
periéd sufficient to return the crewfsafelyf to Earth from any phase of the
mission,

3.5.2.4.4 Water and Oxygen Supply The EPS shall be the primary

source of potable water and oxygen for crew consumption,

3.5.2.4.5 Pyrotechnic Firing Circuits There shall be redundant means

for firing all pyrotechnic devices. All pyrotechnic firing
circuits shall be isolated from the main electrical subsystems,

3.5.2.4,6 Ground Support The EPS shall be capable of distributing

power from an external source during the prelaunch phase.

3.5.2.5 Integrated Navigation, Guidance and Control System

3.5.2.5.1 General The integrated navigation, guidance and control

system shall be composed of the CM Primary Navigation,
Guidance and Control System (PNGCS) and the CM Stabilization and
Control System (SCS) with common usage of some elements, These sys-
tems used in conjunction with data from the MSFN, shall provide a re-
dundant navigation, guidance and control capability. Table 3.5-3 shows
the functions that shall be provided by the PNGCS and SCS.

The PNGCS shall provide the capability for the navigation,

guidance and control functions during normal missions and those aborted
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TABLE 3.5-3

Vehicle Configurations

Functions
S-IVB/IU
CSM/LEM CSM/LEM CSM CM
Thrust Vector Control
of the SPS P, S P, 8
Attitude Control P P, S P, S P, S

Translation Control
using Reaction P P, S P, S
Control System

Navigation and
Guidance

Lift Vector Control P, S

P indicates function required of PNGCS
S indicates function required of SCS

*The SCS requires navigational data from the MSFN in order to perform
this function.

missions not involving failure of the PNGCS. The PNGCS shall be capa-
ble of providing its functions independent of data or commands from
sources external to the spacecraft, and it shall be capable of utilizing
navigational data supplied by the MSFN. The SCS, using navigational
data received from the MSFN, shall provide the capability for returning
the CM to Earth in the event of failure of the PNGCS.
3.5.2.5.1,1 The principal elements of the PNGCS shall be an IMU, a
digital computer, an optical subsystem and the displays

and controls needed for crew operation.
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3.5.2.5.1.2 The principal elements of the SCS shall be gyroscopes
and an accelerometer rigidly mounted to the CM struc-
ture, control electronics and the displays and controls needed for crew
operation.
3.5.2.5.1.3 The PNGCS shall be capable of providing guidance and
control commands to the launch vehicle to accomplish
the functions required in 3.4.4.1.2 for the Saturn V and 3.3.4.1.2 for
the Saturn 1B.
3.5.2.5.1.4 The PNGCS and the SCS shall:
(@) Provide displays and controls to permit normal crew operation
and performance monitoring of the systems. This includes such
~ functions as selection of modes of operation, insertion of operating
commands or data into the digital computer, entry monitoring and initi-
ation of automatic operations.
(b) Provide their functions automatically, once initiated, except
for the SCS functions of translation control using the SM RCS
and lift vector control.
(c) Provide means to permit the crew to assume manual control of
the spacecraft. Included shall be the capability of manual
attitude and thrust vector control and manual start-stop control of the
SPS engine,
(d) Include a means for checkout on the launch pad utilizing the
prelaunch checkout equipment, Means shall also be provided
for in-flight checkout and failure detection,
3.5.2.5.1.5 The PNGCS shall:
(a) Provide the crew with the capability, through the use of the
optical subsystem, of making sightings on Earth and lunar
landmarks and on celestial bodies for:
(1) Prelaunch and in-flight alignment of the PNGCS IMU.
(2) Alignment of the SCS inertial attitude reference.
(3) Navigation.

209-774 O - 66 - 4
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(b) Have a mode of operation which, once set up by the crew, will ‘
permit the guidance, navigation and control functions to be
commanded by the ground without further crew participation,
(c) Have a mode of operation which will permit the digital com-
puter to accept commands and data from the MSFN via the up-
data link.
(d) Provide navigation, guidance and control capability for CSM
rescue of the LEM while in a lunar parking orbit,
(e) Be capable of monitoring the position, velocity, attitude and
attitude rates of the Apollo space vehicle during all burns of
the S-IC, S-II and S-IVB stages.
(f) Enable the crew to align the PNGCS IMU and SCS inertial
attitude reference during the mission.
3.5.2.5.2 Accuracy The accuracy of the PNGCS for translunar in-

jection shall be the same as specified in 3.4.4.2., The

integrated navigation, guidance and control system, when used with the

MSFN, shall be capable of correcting for the translunar injection errors

specified in 3.4.4.2 with midcourse corrections not exceeding 200 ft/sec.
The PNGCS shall be capable of guiding the CM during entry

to the preselected point of parachute deployment within a 10-nm CEP.

3.5.2.6 Display and Control Subsystem

3.5.2.6.1 General The Display and Control (D&C) subsystem shall

accept information from the instrumentation subsystem, and
shall display it in such a manner that the crew can assess the current
status and trends of critical subsystems. The D&C subsystem shall pro-
vide controls for crew operation of the spacecraft,

3.5.2.6.,2 Warning Indicators The D&C subsystem shall provide active

warning indicators for out-of-tolerance conditions in critical

subsystems.
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3.5.2.6.3 Launch Vehicle Emergencies Incipient critical failures in

launch vehicle subsystems detected by the Emergency De-
tection Subsystem shall be displayed.
3.5.2.6.4 One-Man Operation The subsystem design shall allow for

performance of all critical control functions by one crew
member in a pressurized suit,

3.5.2.6.5 Manual Override Manual override or inhibit capability shall

be provided on all automatic subsystems.

3.5.2.6.6 CSM-LEM Compatibility Similarity between controls and

displays in the LEM and in the CM shall exist whenever

practicable,

3.5.2.7 Environmental Control Subsystem The CSM shall be equipped

with a nonregenerative Environmental Control Subsystem (ECS)
which shall provide a conditioned atmosphere, thermal control and water
management in support of the crew with and without pressure suits. The
ECS shall also provide thermal control of equipment where needed.

3.5.2.7.1 Atmospheric Supply The CSM crew compartment shall be

supplied with pure oxygen. Referenced to 70o F dry bulb,
the partial pressure of oxygen shall not be less than 180 mm Hg and,
after the boost phase, shall not exceed 300 mm Hg. The primary source
of oxygen to meet the physiological requirements of the crew shall be
the EPS located in the SM. The ECS shall be capable of maintaining a
cabin pressure of not less than 3.5 psia for at least 15 minutes following
a 0.25-inch diameter puncture. This capability shall not be required in
the CM after SM separation., The ECS shall provide stored oxygen in the

CM for use from SM separation to CM touchdown,
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3.5.2,7.1.1 Atmospheric Control Provisions shall be made for con- .

trol of temperature, ventilation rates and humidity within

the range necessary to:
(a) Maintain the crew in biothermal equilibrium with sweat rates
not exceeding safe physiological limits.
(b) Preclude condensation on any surface interior to the crew com-
partment which will impair equipment operation or crew per-
formance.

Provisions shall be made for limiting the concentration of
toxic and noxious gases and particulate matter to below those levels
capable of causing equipment malfunction or impaired crew performance.
3.5.2,7.2 Water Management The primary source of potable water

for the CSM ECS shall be the EPS. Arrangements shall be

made for storing waste water separately.

3.5.2,7.3 EMU Support The ECS shall be capable of providing con-

tinuous intravehicular support to three astronauts in pressur-
ized suits for the period required to return the crew safely to Earth from
any point in the mission. The design to meet this requirement shall be
based upon an average energy expenditure of 500 BTU's/man/hour and
a Respiration Quotient of 0.85.

3.5.2.8 Crew Equipment

3.5.2.8.1 General The CSM shall contain provisions and equipment
necessary to protect and sustain the crew., Support shall

be provided, beginning with crew occupancy of the CSM during the pre-

launch phase and ending with crew recovery at completion of the mission.

3.5.2.8.2 Support and Restraint The support and restraint subsystem

shall provide crew protection against injury for all antici-

pated accelerations,
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3.5.2.8.3 Illumination Provisions shall be made for control of illu-
mination to facilitate accurate reading of instrumentation,

adjustments to equipment and operation of controls under any external

lighting conditions which may be encountered during the mission.

3.5.2.8.4 Food and Water The CSM shall be designed to accommo-

date quantities of food and potable water adequate for 42
man-days of flight operation based on a metabolic rate of 11,200 BTU's/
man/day and a Respiration Quotient of 0.85. The design shall provide
for:

(a) Control of bacterial growth during storage.
(b) Oral ingestion of food and water by crew members in pressurized
suits,
The composition of food shall result in a low=bulk residue which is free
from detrimental waste products. The water management shall be pro-
vided as specified in 3.5.2.7.2.

3.5.2.8.5 Waste Management Provisions shall be made for the col-

lection and disinfection of biological excretions.

An effective method of confinement or sterilization shall be
employed to ensure that untreated biological waste does not become free
residue in space.

3.5.2.8.6 Medical Supplies The first aid equipment, drugs and

medical supplies provided shall be compatible with the
crew, equipment, other supplies and the environment.

3.5.2.8.7 Biomedical Instrumentation Instrumentation shall be pro-

vided to monitor the physiological parameters of each crew-
man as given in MSF Instruction, MIM 7000.029.
3.5.2.8.8 Survival Survival equipment and provisions shall be pro-
vided to sustain the crew, independent of the CM, for

seven days after landing.
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3.5.3 Lunar Excursion Module

3.5.3.1 Structure

3.5.3.1.1 Cabin Space The LEM cabin shall provide sufficient space
for two crew members wearing pressurized suits and allow

either one or both to perform all functions required for crew safety and

mission success,

3.5.3.1.2 Windows Window areas shall be provided to allow the
LEM crew to perform rendezvous and docking with the CSM

and lunar landing using direct visual means.

3.5.3.1.3 Ingress and Egress The structure shall be designed to per-

mit the following:
(@), Intravehicular transfer of crew members between the docked
LEM and CSM within the controlled environment.
(b) Egress to and ingress from space by crew members, including

extravehicular transfer in either the docked or undocked con-

figuration without assistance from another crew member.
(c) Egress from and ingress to the LEM when it is on the lunar
surface, without assistance from another crew member.
(d) Passage through all hatches by crewmen in inflated pressure
garment assemblies.
3.5.3.1.4 Docking A docking mechanism which furnishes a positive
structural tie between the LEM and CSM shall be provided.

3.5.3.1.5 Thermal Requirements Passive thermal control shall be

provided to minimize heat transfer through the walls.
Thermal designs may take advantage of change in spacecraft orientation,
provided that there shall be no compromise of required operational
flexibility.
3.5.3.1.6 EMU Storage The LEM shall provide the capability of

storing EMU components necessary for:

(@) Two crewmen to operate in a pressurized cabin.
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(b) Two crewmen to operate in an unpressurized cabin.
(c) Two crewmen to conduct simultaneous extravehicular
operations.

3.5.3.2 LEM Propulsion

3.5.3.2.1 General Performance characteristics of the LEM propulsion
subsystems shall be as specified in Table 3.5-1. The
service life of propulsion subsystems after pre-mission testing shall
allow the engines to be fired for sufficient time to deplete propellants
available when all propellant tanks are loaded to the maximum capacity.

3.5.3.2.2 LEM Reaction Control Subsystem The LEM RCS shall pro-

vide thrust for translation along three axes and attitude
control about three axes during rendezvous, docking, descent and
ascent phases. There shall be two separate, redundant subsystems.
Propellant shall be transferable from the LEM ascent stage main pro-
pellant tanks to the LEM RCS engines.
3.5.3.2.3 LEM Descent Propulsion Subsystem The LEM descent pro-

pulsion subsystem shall provide thrust to transfer the LEM
from lunar parking orbit to the lunar surface, including descent and hover
close to the lunar surface.

3.5.3.2.4 LEM Ascent Propulsion Subsystem The LEM ascent pro-

pulsion subsystem shall provide thrust for launching the
LEM ascent stage from the lunar surface and transferring it into lunar
orbit for CSM rendezvous. It shall be capable of providing the thrust
required for abort during the lunar descent phase.

3.5.3.3 LEM Communications and Tracking

3.5.3.3.1 General The LEM Communication and Tracking System
shall provide the following capabilities:
(a) Voice communications.

(b) Telemetry transmission and reception.
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(c)
(d)

Tracking and tracking aid.

Television transmission.

3.5.3.3.2 Functional Capability

3.5.3.3.2.1 Voice Communication The voice communication sub-

system shall be able to provide 2-way voice communi-

cations between:

(a)
(b)
(c)

(d)
(e)

(f)

Crew members in the LEM.

LEM and an EVA,

CSM and LEM in both the separated and the docked configura-
tions.

MSFN and two astronauts in the LEM.,

CSM, LEM and MSFN both as a conference loop and with one
acting as a relay for the other two.

One or two EVA's and MSFN using the LEM as a relay,
Manually-keyed transmission from the LEM to the MSFN shall

be provided as an emergency backup.

3.5.3.3.2.2 Telemetry The telemetry subsystem shall be able to:

(a)

(b)

(c)

(d)

Transmit operational data from the LEM to the MSFN at a high
and low bit data rate.

Transmit instrumentation and biomedical data from the EMU
during checkout in the LEM to the MSFN.

Receive instrumentation and biomedical data from an EVA (near
the LEM) and transmit this data to the MSFN.

Transmit low bit rate telemetry to the CSM,

3.5.3.3.2,3 Tracking and Tracking Aid The tracking and tracking

(a)
(b)
(c)

aid subsystem shall enable:
MSFN to track the LEM.
LEM to track the CSM.
LEM to measure the velocity and range of the LEM relative to

the lunar surface or to a tracking aid on the lunar surface during

the descent to the lunar surface.
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3.5.3.3.2.4 Television The television subsystem shall be able to
transmit television pictures from the lunar surface to the

MSFN.

3.5.3.3.3 Coverage Capability

3.5.3.3.3.1 LEM-MSFN The LEM Communication and Tracking Sys-

tem shall be able to operate with the MSFN to achieve
the coverage specified in Table 3.7-2,
3.5.3.3.3.2 LEM-CSM The following line-of-sight communication
and tracking coverage between the LEM and the CSM
shall be provided:
(a)  Two-way voice communications from the docked position to a
range of 550 nm.
(b) LEM transmission of telemetry to the CSM whenever the CSM
is within a range of 300 nm,
(c) LEM tracking of the CSM whenever the CSM is within a range
of 400 nm except during LEM main engine powered maneuvers.
3.5.3.3.3.3 LEM-EVA The LEM shall be able to:
(2) Maintain a continuous 2-way voice communication capability
with one or two EVA's.,
(b) Receive continuous EMU telemetry from an EVA.
Both requirements shall be met for line-of-sight ranges of 3 nm
on the lunar surface or 1 nm during flight.

3.5.3.3.3.4 LEM-Lunar Surface The tracking subsystem shall be

able to supply data to the LEM guidance and navigation
system from an altitude of 25,000 feet above the lunar surface when
working without a tracking aid on the surface and from a range of 20 nm
from a tracking aid.
3.5.3.3.4 Performance The LEM Communication and Tracking System
shall meet the requirements specified in Tables 3.5-4A and

3.5-4B
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3.5.3.4 Electrical Power Subsystem

3.5.3.4.1 General The LEM Electrical Power Subsystem (EPS) shall

distribute all the electrical power required by the LEM
during all phases of a 14-day mission up to the abandoning of the LEM.
The primary source of power shall be EPS batteries located in the ascent
and descent stages. In addition, the LEM EPS shall be capable of dis-
tributing power supplied to the LEM by the CSM during the translunar
and lunar orbit phases. The LEM EPS shall provide the power required
by the scientific equipment as specified in 3.5.7.
3.5.3.4.2 _Sl_Z_El_g_ The power generation subsystem shall contain

four descent-stage batteries and two ascent-stage batteries.
In the event of failure of one ascent-stage battery the remaining ascent-
stage battery, in conjunction with any remaining descent-stage capacity,
shall have the capability of supplying all essential power loads for a
period sufficient to allow the LEM to return safely from any phase of the
mission to the CSM in lunar orbit.

3.5.3.4.3 Nominal Capacity The EPS shall be capable of generating

45 kwh of electrical energy from the descent-stage batteries
at a maximum rate of 3900 watts and 17 kwh of electrical energy from
the ascent-stage batteries at @ maximum rate of 3200 watts.

3.5.3.4.4 Pyrotechnic Firing Circuits There shall be redundant means

for firing all pyrotechnic devices. All pyrotechnic firing
circuits shall be isolated from the main electrical subsystems.

3.5.3.4.5 Ground Support The EPS shall be capable of distributing

power from an external source during the prelaunch phase.

3.5.3.5 Integrated Navigation, Guidance and Control System

3.5.3.5.1 General The integrated navigation, guidance and control
system shall be composed of the LEM Primary Navigation

Guidance and Control System (PNGCS) and the LEM Stabilization and
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Control System (SCS) with common usage of some elements. These
systems shall provide a redundant navigation, guidance and control
capability.

The PNGCS and the SCS shall be capable of providing the
following functions for the LEM independent of data or commands from
sources external to the LEM,

(@) Navigation and guidance.

(b) Attitude control using the LEM RCS.

(c) Translation control using the LEM RCS.

(d) Thrust control and thrust vector control for the descent stage.

The PNGCS shall provide the capability for the navigation,
guidance and control functions during normal missioné én&i ihésé éb;)rfed
missions not involving failure of the PNGCS. The SCS shall provide the
capability of returning the LEM to lunar parking orbit in the event of
failure of the PNGCS.
3.5.3.5.1.1 The principal elements of the PNGCS shall be an IMU, a

digital compuier, an optical subsystem and the displays
and controls needed for crew operation.
3.5.3.5.1.2 The principal elements of the SCS shall be gyroscopes
and acclerometers rigidly mounted to the LEM structure,
guidance electronics, control electronics and the displays and controls
needed for crew operation.
3.5.3.5.1.3 The LEM PNGCS and SCS shall:
(a) Provide displays and controls to permit normal crew operation
and performance monitoring of the systems. This includes
such functions as selection of modes of operation, insertion of operating
commands or data into the digital computer and initiation of automatic

operations.
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(b) Provide their functions automatically, once initiated, except
for SCS translation control using the LEM RCS,
(c) Provide means to permit the crew to assume manual control of
the LEM. Included shall be the capability of attitude control,
start-stop control of the LEM engines, and thrust vector and thrust mag-
nitude control of the descent engine.
(d) Include a means for checkout on the launch pad, utilizing the
prelaunch checkout equipment. Means shall also be provided
for in-flight checkout and failure detection.
3.5.3.5.1.4 The PNGCS shall:
(a) Be capable of utilizing navigational data from the LEM rendez-
vous radar,
(b) Be capable of utilizing navigational data (altitude above the
lunar surface and velocity of the LEM relative to the surface)
from the LEM landing radar.
(c) Have a mode of operation which permits descent from the lunar
orbit and soft landing at a preselected landing point on the
lunar surface without the participation of the LEM crew except for
alignment of the LEM IMU,
(d) Provide the means so that the crew can make optical sightings
on celestial bodies for alignment of the PNGCS and SCS inertial
attitude references, both in flight and on the lunar surface.
(e) Provide means for the crew to redesignate the landing site
during powered descent.
(f) Enable the crew to align the PNGCS IMU and SCS inertial atti-
tude reference during the mission.
(g) Be capable of providing guidance to the spacecraft (CSM-LEM)
when using LEM descent propulsion as back-up to the SPS

propulsion (See 3.5.1.10).
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3.5.3.5.2 Accuracy Independent of lunar-based landing aids, the
PNGCS shall be capable of guiding the LEM to a preselected
landing site with a CEP of 0,5 nm, and with the use of a lunar-based

landing aid with a CEP of 100 ft.

3.5.3.6 Display and Control (D&C) Subsystem The requirements for

the LEM D&C subsystem are the same as those for the CSM
D&C subsystem specified in 3.5.2.6, except that 3.5.2.6.3 shall be
deleted.

3.5.3.7 Environmental Control Subsystem The LEM shall be equipped

with a nonregenerative ECS which shall provide a conditioned
atmosphere, thermal control and water management in support of the creW
in pressurized and unpressurized suits. The ECS shall also provide
thermal control of equipment where needed.

3.5.3.7.1 Extravehicular Operations The LEM ECS shall be designed

to support a total of 24 hours of extravehicular operations
on the lunar surface consistent with the requirements specified in

3.1.1.2,8 and 3.5.6.2.
3.5.3.7.2 Atmospheric Supply The LEM crew compartment shall be

supplied with pure oxygen. During LEM manned phases,
except for ingress and egress operations, the partial pressure of oxygen
shall not be less than 180 mm Hg and shall not exceed 300 mm Hg refer-
enced to 700F dry bulb. The ECS shall be capable of maintaining a
cabin pressure not less than 3.5 psia for at least 2 minutes following a
0.5-inch diameter puncture.

3.5.3.7.2.1 Atmospheric Control Provisions shall be made for con-

trol of temperature, ventilation rates and humidity within
the range necessary to:
(a) Maintain the crew in biothermal equilibrium with sweat rates

not exceeding safe physiological limits.
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(b) Preclude condensation on any surface interior to the crew com-
partment which will impair equipment operation or crew per-
formance.
Provisions shall be made for limiting the concentration of toxic
and noxious gases and particulate matter to below those levels capable
of causing equipment malfunction or impaired crew performance.

3.5.3.7.3 Water Management The primary source of potable water

for the LEM ECS shall be water stored onboard at launch.
Arrangements shall be provided for storing waste water separately.

3.5.3.7.4 EMU Support The ECS shall incorporate arrangements to

provide intravehicular support for two astronauts in pres-
surized suits for a continuous period consistent with the requirements of
3.5.1.20. The design shall be based on an energy expenditure not ex-—
ceeding 800 BTU's/man/hour and a Respiration Quotient of 0.85,
3.5.3.8 Crew Equipment

3.5.3.8.1 General The LEM shall contain provisions and equipment

necessary to protect and sustain the crew, The support
period shall cover the time required for checkout of the LEM plus 48
hours of separate LEM operation.

3.5.3.8.2 Support and Restraint The support and restraint subsystem

shall provide crew protection against injury for all antici-
pated accelerations,
3.5.3.8.3 Illumination Provisions shall be made for control of illu-
mination to facilitate accurate reading of instrumentation,
adjustments to equipment and operation of controls under any external
lighting conditions which may be encountered during LEM checkout and
operationé.

3.5.3.8.4 Food and Water The LEM shall be designed to accommo-

date quantities of food and potable water adequate for four

man-days operation based on a metabolic rate of 18,000 BTU's/man/day




5] March 1, 1966

and a Respiration Quotient of 0.85. The design shall provide for: (a)
control of bacterial growth during storage, and (b) oral ingestion of food
and water by crew members in pressurized suits. The composition of
food shall result in a low-bulk residue which is free from detrimental
waste products. The water management shall be provided as specified
in 3.5.3.7.3.

3.5.3.8.5 Waste Management Provisions shall be made for the

collection and disinfection of biological excretions. An
effective method of confinement or sterilization shall be employed to
ensure that untreated biological waste does not become free residue in
space or on the lunar surface.

3.5.3.8.6 Medical Supplies The first aid equipment, drﬁgé and

medical supplies provided shall be compatible with the
crew, equipment, other supplies and the environment.

3.5.3.8.7 Biomedical Instrumentation Instrumentation shall be provided

to monitor the physiological parameters of each crewman as

given in MSF Instruction MIM 7000.029.

3.5.4 Launch Escape System

3.5.4.1 The LES shall be capable of removing the CM from a mal-
functioning space vehicle and providing sufficient separation
distance to ensure crew safety without exceeding astronaut tolerances
or the structural limit of the CM/LES. It shall provide terminal condi-
tions for the CM which permit safe entry into the lower atmosphere and
deployment of the Earth Landing System (ELS).
3.5.4.2 The LES shall provide abort capability from crew entry into
the CM until shortly after second stage ignition when the LES
shall be jettisoned. The LES shall be capable of separating from the
space vehicle during a normal mission without degrading space vehicle

performance.
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3.5.5 Adapter

3.5.5.1 General The Adapter shall structurally and functionally adapt
the spacecraft to the launch vehicle and provide a protective

housing for the LEM.

3.5.5.2 Access The Adapter shall be designed to provide access to
the LEM during the prelaunch phase.

3.5.5.3 Deployment The Adapter shall be designed to permit CsSM/
Adapter separation, docking and extraction of the LEM, and

shall not interfere with launch vehicle or spacecraft communications.

3.5.6 Extravehicular Mobility Unit

3.5.6.1 General EMU's of anthropomorphous design shall be pro-
vided for the crew. Each EMU shall incorporate the features
of protection, life support, communications, visibility and mobility to

accomplish the requirements specified in 3,1.1.2.8. The EMU's shall

be designed to work in conjunction with the ECS as specified in 3.5.2.7
and 3.5.3.7.

3.5.6.2 Extravehicular Each EMU shall provide to a single crewman

the capability for 4 hours continuous separation from space-
craft modules while in space or on the lunar surface. The time to com-
pletely replenish one EMU from LEM supplies shall not exceed 1 hour.
The EMU's shall permit two crewmen to be extravehicular at the same
time, and shall provide the capability for a total of 24 hours extravehicu-
lar operations when supported by the LEM ECS as specified in 3.5.3.7.1.
During extravehicular operations, each EMU shall:
(2) Provide protection against the natural environment as given in
3.0, 4.0 and 5.0 of M-DE 8020.008B.
(b) Provide life support and mobility based on an average energy
expenditure of 1200 BTU's/man/hour and a Respiration Quotient
of 0.85,
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(c) Provide the capability for communications with the CSM as
specified in 3.5.2.3, and the LEM as specified in 3,5.3.3.

(d) Provide the capability for voice communication with another
extravehicular astronaut.

(e) Permit ingress and egress through all spacecraft hatches.

3.5.6.3 Intravehicular In conjunction with spacecraft systems, the

EMU's shall provide intravehicular support to the crew in an
unpressurized cabin for the period required to return safely to Earth from
any point in the mission., During intravehicular operations, each EMU
shall:

(@) Provide the communications capability specified in 3.5.2.3 and
3.5.3.3. | | I -
(b) Provide the capability for each of three crewmen to simulta-
neously don the pressure protection components within 15
minutes without assistance from, or interference to, the other crew

members while the spacecraft is in a stabilized mode.

3.5.7 Scientific Payload The scientific payload shall be designed

to endure and operate in the environments of the lunar mission
as stated in 3.0, 4.0 and 5.0 of M-DE 8020.008B.

The scientific payload to be returned to Earth by the CM shall
not exceed 80 pounds.

The scientific payload carried in the LEM to the lunar surface
shall not exceed 250 pounds and shall not require more than 2,400 watt-
hours D.C. of LEM~-supplied energy. The peak load shall not exceed
1,000 watts D.C.

The scientific payload to be returned from the lunar surface to

lunar orbit by the LEM shall not exceed 80 pounds.

209-774 O - 66 - 5
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3.5.8 Flight Crew Training Equipment The flight crew training equip-

ment shall be designed to:
(a) Facilitate the attainment and maintenance of the crew skills
necessary to assure the effective, reliable and safe operation
of the space vehicle and its subsystems in both normal and contingency
modes of operation for the entire mission,
(b) Allow the crew to develop the scientific and technical compe-
tence required to understand the principles of operation of the
space vehicle, to assist in evaluation and development of the space
vehicle, to understand and perform scientific experiments in space and
on the lunar surface.
(c) Familiarize and condition the crew to the environments of space
flight and lunar operations including contingency situations.
(d) Permit evaluation of crew proficiency.

Existing facilities and equipment, or facilities and equipment
procured for development, testing, or operational phases of the Program
shall be utilized to meet the training requirements whenever practicable.

Additional requirements for flight crew training equipment are
contained in Section 15.4 of the Apollo Program Development Plan,

NPC C500.
3.6 Launch Area

3.6.1 General

3.6.1.1 The launch area shall consist of the Launch Complexes 34,
37 and 39, and the direct launch support facilities for these

launch complexes. Launch Complex 34 (LC 34) and Launch Pad B of

Launch Complex 37 (LC 37B) shall provide the capability for launching

the Saturn IB. Launch Complex 39 (LC 39) shall provide the capability

for launching the Saturn V.
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3.6.1.2 The direct launch support facilities shall include: The
Operations and Checkout Building and associated facilities
where the Apollo spacecraft shall be prepared for mating with either the
Saturn IB or Saturn V launch vehicle; the Central Instrumentation Facility
(CIF) which shall provide centralized instrumentation and data proces-
sing support; and the Central Telephone Office which shall provide the
switching for communications required among facilities of the launch
area and between the launch area and other NASA centers.
3.6.1.3 In addition to the direct launch support facilities specified
here, the ETR shall be relied on to provide services to the
launch area in accordance with the "Webb-McNamara Agreement, " dated
January 17, 1963. - ’
3.6.1.4 The launch area shall be capable of supporting the Apollo
Saturn IB and Apollo Saturn V launch-rate requirements as
specified in the Apollo Flight Mission Assignments document, M~D
MA 500-11.

3.6.2 Space Vehicle Checkout Systems Launch Complexes 34, 37,

and 39 and the Operations and Checkout Building shall utilize
checkout equipment capable of effecting independent checkout of the
spacecraft and the launch vehicle and of performing compatible con-
current spacecraft and launch vehicle operations effecting automated
checkout of Apollo Saturn IB and Apollo Saturn V space vehicles. As far
as possible, the checkout equipment for the Apollo Saturn IB shall be
identical to that to be used for the Apollo Saturn V. In addition, the
spacecraft and launch vehicle checkout systems shall:

(@) Provide automatic, semi-automatic and manual modes of
operation with provisions for manual intervention of automated

routines.
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(b) Utilize general purpose digital computers capable of adapting
to possible hardware and parameter changes.

(c) Be capable of comparing measured data on a real time basis
against predetermined limits to provide out-of-tolerance

indications and warning of hazardous space vehicle conditions.

(d) Make maximum use of space vehicle telemetry systems to
conduct preflight checkout.

(e) Incorporate a self-test and verification capability.

(f) Be capable of verifying system integrity through the use of
hardware or software simulators prior to use on flight hardware.

(g) Provide the capability for recording digital and analog data for

immediate recall or use in postflight analysis.

3.6.3 Launch Complexes 34 and 37B LC 34 and 37B shall include

three major items: the launch pad and umbilical tower, the
service structure and the Launch Control Center (LCC).

LC 37B shall provide the capability for on-pad assembly, prepara-
tion and launch of manned and unmanned Apollo Saturn IB space vehicles
that include the LEM. LC 34 shall provide the same capability except
LEM capability is not required.

The capability shall be provided to continue those services and
operations necessary to support a launch hold of up to 12 hours occurring
after completion of propellant loading.

1L.C 34 and 37B shall be designed to permit the launching of an
Apollo Saturn IB during the 95 percentile peak surface wind conditions
given in 2.3.2.3 of M-DE 8020.008B.
3.6.3.1 Launch Pad and Umbilical Tower The launch pad and umbili-

cal tower shall receive the space vehicle and provide support

to the space vehicle during assembly, preparation, checkout and launch.
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The launch pad and umbilical tower shall provide for:
(a) Automated checkout of the space vehicle in conjunction with
equipment located in the LCC and the Operations and Checkout
Building.
(b) Applying servicing lines to the space vehicle.
(c) Ingress to and egress from the CM.
(d) Rapid emergency egress from the vicinity of a malfunctioning
space vehicle.
(e) Protection of the space vehicle and umbilical tower support
systems from lightning damage whenever the service structure
is not in place at the launch pad,

3.6.3.2 Service Structure The service structure shall provide:

(a) Personnel access and means for erecting and servicing the
space vehicle.
(b) Protection for the space vehicle during maximum peak surface
wind conditions given in paragraph 2.3.2.2 of M-DE 8020.008B.
The service structure shall be capable of moving to a safe distance
from the launch pad prior to launch.
(c) Protection of the space vehicle and service structure support
systems from lightning damage whenever the service structure
is in place at the launch pad and protection of service structure support
systems at all other times.

3.6.3.3 Launch Control Center The LCC shall provide the capability

for:
(a) Centralized control and monitoring of space vehicle test opera-
tions, countdown, launch and early flight phases.
(b) Continuous evaluation of the status of the launch complex and
the space vehicle.
(c) Display of spacecraft status data received from the Operations

and Checkout Building,
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(d) Supplying status information to Huntsville Operations Support
Center (HOSC) and the MCC.
() Transmitting EDS data, checkpoint status data, countdown
timing and checkout priority information to the Operations and
Checkout Building.,
(f) Supporting in-flight checkout of S-IVB/IU in Earth orbit.

3.6.4 Launch Complex 39 LC 39 shall include the following major

items: the Vertical Assembly Building (VAB); the Launcher-
Umbilical Tower (LUT); the Crawler Transporter; the launch pads; the
Arming Tower and the Launch Control Center (LCC).

LC 39 shall be constructed in accordance with a "mobile con-
cept" of launch operations, embodying the basic principle of vertical
assembly and checkout of the Apollo Saturn V in the VAB aboard a LUT

and transfer of the space vehicle in an erect position to the launch pads. ‘

LC 39 shall have the capability for:
(a) Preparing and launching manned and unmanned Apollo Saturn
V space vehicles.
(b) Supporting a launch for the duration of the launch window.
(c) Continuing those services and operations necessary to allow a
launch during the comparable launch window on the day follow-
ing a launch hold.

3.6.4.1 Vertical Assembly Building The VAB shall have the capability

for:
(a) Receiving, handling and supporting the individual launch
vehicle stages, IU and assembled spacecraft,
(b) Vertical assembly of the complete Apollo Saturn V space
vehicle aboard the LUT in a protected and controlled environ-

ment.
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(c) Automated testing, verification and checkout of the space
vehicle by equipment located in the LCC and the Operations
and Checkout Building,
3.6.4.2 lLauncher~-Umbilical Tower The LUT shall provide:

(a) Automated checkout of the space vehicle in the VAB and on the

launch pad in conjunction with equipment located in the LCC
and the Operations and Checkout Building.

(b) Servicing for the space vehicle.

(c) Ingress to and egress from the CM.

(d) Personnel access to the space vehicle,

(e) Rapid emergency egress from the vicinity of a malfunctioning
space vehicle.

(f) Protection from lightning damage prior to launch.,

When secured at the launch pad, the LUT shall be capable of
supporting the space vehicle in the 99.9 percentile peak surface wind
conditions given in 2,3.2,1 of M=DE 8020.008B. The LUT shall permit
launching the space vehicle during 95 percentile peak surface wind
conditions given in 2.3.2.3 of M-DE 8020.008B,.

3.6.,4.3 Crawler Transporter The Crawler Transporter shall have the

capability for:
(@) Lifting, transporting and positioning the LUT and the space
vehicle (unfueled and unpressurized) without exceeding the
free-standing or flight load capability of the space vehicle,
(b) Lifting, transporting and positioning the Arming Tower.
(c) Providing electric power and grounding for the LUT and Arming
Tower during transport.
The Crawler Transporter shall be capable of transporting the
LUT and space vehicle or the Arming Tower during the 99 percentile

peak surface wind conditions given in 2.3.2.3 of M-DE 8020,008B.
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The Crawler Transporter shall be capable of supporting the
LUT and the space vehicle in the 99.9 percentile peak surface wind
conditions given in 2,3.2.1 of M~-DE 8020.008B while stopped between
the VAB and the launch pad.
3.6.4.4 Launch Pads The launch pads shall provide for supporting

final preparation and launch of the space vehicle including
propellant loading, final checkout and countdown. The capability shall
be provided for both day and night launches,

The launch pads shall be designed and located so as to per-
mit concurrent preparation of space vehicles on adjacent pads.
3.6.4.5 Arming Tower The Arming Tower shall provide 360o access

to the space vehicle for:

(a) Loading of spacecraft propellants, high-pressure gases and
fuel cell cryogenics.

(b) Final ordnance installétion and servicing of subsystems not
accessible from the LUT.

The Arming Tower shall be capable of transport by the Crawler
Transporter in the 99 percentile peak surface wind conditions as given in
2,3.2.3 of M-DE 8020,008B. While secured tothe launch pad, the capa-
bility shall be provided for withstanding the 99.9 percentile peak surface
wind conditionsas givenin 2.3.2.1 of M-DE 8020.008B without imposing
aload on the space vehicle, The Arming Tower shall provide lightning
protection for the space vehiclewhenever the Arming Tower is in place
at the Launch Pad and lightning protection for Arming Tower support
systems at all times,

3.6.4.6 Launch Control Center The LCC shall provide the capability

for:
(a) Centralized control and monitoring of space vehicle test

operations, countdown, launch and early flight phases.
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(b) Continuous evaluation of the status of the launch complex
and the space vehicle.

(c) Display of spacecraft status data received from the Operations
and Checkout Building.

(d) Supplying status information to HOSC and the MCC.

(e) Transmitting EDS data, checkpoint status data, countdown
timing and checkout priority information to the Operations and

Checkout Building.
(f) Supporting in-flight checkout of S-IVB/IU in Earth orbit.

(g) Conducting concurrent countdowns for two space vehicles.

3.6.5 Direct Launch Support Facilities

3.6.5.1 Operations and Checkout Building The Operations and
Checkout Building shall:

(@) In conjunction with associated facilities, have the capability
for conducting the test, preparation, assembly and checkout of
the spacecraft modules and the spacecraft prior to mating with the launch
vehicle.
(b) Provide a central point for conducting and monitoring space-~
craft preparation activities.
(c) Perform automated checkout of the spacecraft during operations
at LC 34, 37B and 39.
(d) Process and transmit spacecraft status data, including check-
point status data and spacecraft checkout priority information,
to the appropriate LCC for real time display.
(e) In conjunction with the CIF and the launch area MSFN site,
have the capability for monitoring spacecraft and astronaut
performance during launch,

(f) Provide spacecraft status information to the MCC.
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3.6.5.2 Central Instrumentation Facility The CIF shall provide the '

capability for:
(&) Recording and processing data received via hardwire and rf
links from the space vehicle and ground systems of the launch
complexes, ETR and the launch area MSFN station,
(b) Transmitting real time and processed data for display to the
LCC, MCC, Operations and Checkout Building, HOSC and
Goddard Space Flight Center (GSFC).
(c) Receiving timing signals from the ETR and distributing the
signals to the launch area as required and to the MCC and
HOSC until launch.,
(d) Conducting and monitoring launch area rf interference tests.
(e) Processing and providing tracking data to the ETR for range
safety purposes.
3.6.5.3 Central Telephone Office The Central Telephone Office
shall:

(a) Provide a flexible means for switching and transmitting all
operational data among the launch complexes, the Operations
and Checkout Building, the CIF, the ETR (Cape Kennedy) and the launch
area MSFN site,
(b) Provide the interface for all operational communications

between the launch area, and the MCC, HOSC, GSFC and ETR.

3.7 Manned Space Flight Network

3.7.1 General The MSFN shall have the capability for:
(@) Providing communications between the MCC and the space
vehicle,
(b) Providing tracking data to determine the position and velocity

of the space vehicle.
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Backup flight control at those stations where communications
do not permit reliable flight control from the MCC.,

Recording pertinent voice and data communications during a
mission,

Synchronizing time between MSFN stations and between MSFN
stations and the space vehicle.

Conducting training exercises.,

The communication and tracking network for Apollo shall make

full use of the communication and tracking services, including range

safety, to be supplied by the National Range Division of the Depart-

m

3.7.2

3.7.2.1

(a)

(b)

(c)

(d)

(e)

(£)

(9)

ment of Defense.

Functional Capability

Voice Communications The voice communications subsystem

shall enable:
Duplex voice communications between the CSM and MCC or
between the CSM and MSFN station as per 3.7.1 (c).
Duplex voice communications between the LEM and MCC or
between the LEM and MSFN station as per 3.7.1 (c).
Conferencing between the LEM, CSM and MCC or between the
LEM, CSM and MSFN station as per 3.7.1 (c).
Two-way voice communications between the CSM and LEM
using the MSFN as a relay.
Reception of recorded voice from the CSM without interrupting
normal voice communications,
Reception of manually-keyed transmission from the CSM and
LEM.
Two-way voice communications between MCC and an EVA re-

layed by the CSM or LEM.
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Duplex, 4-wire voice communications between MSFN stations
and MCC.

Telemetry The telemetry subsystem shall be able to receive:
High or low bit rate operational data from the CSM.
Recorded telemetry from the CSM at the high bit rate simul-
taneously with (a).
High or low bit rate operational telemetry from the LEM simul-
taneously with (a) and (b).
Operational telemetry from each stage of the launch vehicle
and the IU simultaneously with (a) and (b).
Engineering data from the space vehicle,
Instrumentation and biomedical data from an EVA relayed by the
CSM or the LEM,
Scientific data from the CSM and LEM.

Tracking The tracking subsystem shall be able to:
Track in angle, range and range rate the transponders in the
CSM and LEM to lunar distances.
Track the transponders in the launch vehicle in angle, range
and range rate during the launch phase.
Track in angle and range the IU transponders in Earth orbit.
"Skin" track the space vehicle in Earth orbit.
"Skin" track the CM during entry.
Provide sampled tracking data for transmission to the MCC and,
where required, for on-site computation.

Digital Command Communications The Digital Command

Communications Subsystem (DCCS) shall be able to:
Transmit up-data sequentially to the CSM and the IU.
Monitor and verify the transmission of up-data to the space

vehicle,
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Receive from the telemetry subsystem verification of accurate
receipt of up-data at the CSM and the IU,

Transmit verification signals received from the CSM and the IU
to MCC.

Be controlled by the display and control subsystem at the site
or remotely from the MCC.

Television The television subsystem shall be able to:
Receive and record television transmission from the CSM and
the LEM,

Transmit television received from the spacecraft to MCC from
the MSFN station at Goldstone,

Display and Control Tile display and control subsystem

shall be able to:

Display selected mission information to flight control personnel,
Control up-data transmission.

Have access to all LEM, CSM and S-IVB/IU tracking and opera-
tional telemetry data at the site.

Control voice communications between the CSM, LEM and the
MCC or on-site flight control personnel.

Data Processing The data processing subsystem shall be

able to:
Process and format space vehicle tracking and operational

telemetry information for use in the display and control sub-

system or for transmission to MCC.

(b)

(c)
3.7.2.8

Identify to the display and control subsystem and to the MCC,
designated parameters that have exceeded specified limits.
Provide backup for the DCCS.

Timing A timing subsystem shall be provided at MSFN sites

to act as a source for timing signals necessary to condition

and process tracking and telemetry data. The timing subsystem at these
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sites shall be capable of being synchronized with the United States
National Standard of Frequency and Time-Interval (WWV). Synchroniza-
tion with the National Standard shall be capable of being maintained to
within 0.1 millisecond at each station. The basic clock frequency dif-
ference between stations shall be maintained to less than 2 parts in

1010, plus a random component of 5 parts in 1011.

3.7.3 Coverage Capability The MSFN station in the launch area

shall be able to support the prelaunch checkout of the space
vehicle on the launch pad.
The MSFN shall provide the coverage capabilities for:
(@) CSM as specified in Table 3.7-1.
(b) LEM as specified in Table 3.7-2.
(c) Saturn V launch vehicle as specified in Table 3.7-3.

(d) Saturn IB launch vehicle as specified in Table 3.7-4.

3.7.4 Performance The MSFN shall operate with the space vehicle
subsystems as specified in 3.3.5, 3.4.5, 3.5.2.3 and
3.5.3.3.

During the launch phase, the MSFN in conjunction with ETR
and launch area instrumentation shall provide the tracking data needed
to satisfy requirements for flight control, range safety and engineering
data,

The part of the MSFN using equipment operating in C-band
shall provide angular and range data to the maximum design range of
that equipment. The errors in the data due to noise shall not exceed
1.0 milliradian for angular measurements or 60 ft. for range measure-
ments (one standard deviation values - the errors due to noise are, by

definition, Gaussian distributed with zero mean). Bias errors in these

measurements shall not exceed twice the value of the errors due tonoise,
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The MSFN, using Unified S-band equipment, shall provide
range, range rate and angular measurements to lunar distances. Errors
(one standard deviation values) due to noise shall not exceed 0.8
milliradian for angular measurements, 60 ft, for range and 0.1 fps for
range rate measurements. Bias errors in these measurements shall not
exceed twice the value of errors due to noise. Ranging and data ac-
quisition times for Unified S-band equipment shall not exceed one
minute from the time line-of-sight is established between the space

vehicle and the MSFN station.

3.8 Mission Control Center

3.8.1 General The MCC shall provide the capability for directing
and coordinating the overall mission from the decision to start
mission operations until all phases of the mission are completed. It
shall provide the capability for detailed monitoring, evaluation and
control of the flight during all phases from liftoff until touchdown.
The MCC shall also provide the capability for conducting simulated
missions.,
The MCC shall have the capability of supporting:
(@) One real and one simulated mission simultaneously.
(b) The mission schedule outlined in Apollo Flight Mission Assign-~
ments, M-D MA 500-11.
The MCC shall have the capability of providing a central control point
for:
(c) The direction of mission operations and resources allocation.
(d) The evaluation of crew status.
(e) The collection and evaluation of weather and space environ-
ment information,

(f) The release of public information.
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The MCC shall provide the capability for performing the functions of
monitoring, evaluating and controlling the following:
(g) Flight operations and procedures.
(h) Space vehicle trajectory.
(i) In-flight performance of space vehicle systems including con-
sumables remaining,
(j) Status and performance of the MSFN,
The major systems of the MCC are: Communications, Display
and Control, Simulation Checkout and Training and Real Time Computer

Complex.

3.8.2 Communication System The system shall provide for the MCC

the capability for:
(@) Termination of all circiiits carrying teletype, voice, television
| and high speed and wideband data to and from NASA facilities
providing direct support of the mission,
(b) Termination of other govenment circuits carrying voice, fac-
simile and teletype for recovery, weather and administrative
purposes.,
(c) Termination of commercial circuits carrying television and
voice transmission for public information,
(d) Switching, storage and formatting of data and messages.
(e) Secure command transmission,
(f) Furnishing internal voice, hard-copy and public address com-

munications,

3.8.3 Display and Control System The system shall provide the

capability for:
(a) Selecting and displaying on individual monitors and large dis-
plays for group coordination raw, processed and reference

data in standard formats.,
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(b) Initiating commands.
(c) Generating primary time bases for the mission and events

within the mission.

3.8.4 Simulation, Checkout and Training System The system shall

provide the capability for:
(a) Simulation of the operational environment external to the MCC.
(b) Coordination and control of the Mission Simulators at both
Kennedy Space Center and Manned Spacecraft Center and the
part of the Real Time Computer Complex assigned to the simulation.
(c) Checkout of MSFN, Apolilo Launch Data System (ALDS) and
- MCC. 7 7 - 7 7 -

3.8.5 Real Time Computer Complex The Real Time Computer Com-

plex shall provide the capability for:

(a) Generation of data for command and updating onboard informa-
tion,

(b) Generation of acquisition data for MSFN.

(c) Smoothing and predicting of trajectory and system performance
data.

(d) Computation of decision parameters.

(e) Simulation computations.

(f) Automatic warning of out-of-tolerance conditions,

209-774 O -~ 66 - 6
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4,0 Quality Assurance

4,1 General Program performance, design and reliability require-
ments for accomplishment of manned lunar landing missions shall
be achieved, maintained and verified by rigorous application of an inte-
grated quality assurance and test program. The control and verification
by test and inspection of identifiable performance parameters which
affect the quality of Program equipment is mandatory for achievement of
mission requirements. Adherence to design requirements and standards,
and historical recording of the known condition of all Program equipment
is required to assure that maximum developmental and corrective know-

ledge and data will be obtained from the test hardware provided.

4,2 Quality Assurance The integrity of program and project level

performance, design and reliability requirements shall be main-
tained through the application of controls and disciplines specified in
Section 10 of the Program Development Plan and in the Apollo Reliability

and Quality Assurance Program Plan.

4,3 Program Performance Testing Program performance testing as

prescribed by NPC 500-10 is required to assure accomplishment
of the manned lunar landing missions. Specific application of this

document for testing of Program equipment is as follows:

Category of Hardware NPC 500-10 Requirements
Systems Compatibility Section 3.5.3
All-Systems Test Section 3.5.5
Ground Qualification Tests Section 3.6
Ground Equipment Checkout Tests Section 3.9
Space Vehicle Checkout Section 3.10

Flight Verification Tests Section 4.5
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Acronyms and Abbreviations

ACE Acceptance Checkout Equipment
AGC Apollo Guidance Computer

ALDS Apollo Launch Data System

ALSEP Apollo Lunar Surface Experiments Package
AM Amplitude Modulation

amp-hr ampere~hour

APO Apollo Program Office

APS Apollo Program Specification

AS Apollo Saturn

BLK Block

BTU British Thermal Unit

CCS Command and Communication System
CEl Contract End Item

CEP Circular Error Probable

cg center of gravity

CIF Central Instrumentation Facility

cm centimeter

CM Command Module

cps cycles per second

CSM Command/Service Module

Ccw Continuous Wave

db decibels

DCCS Digital Command Communications Subsystem
D&C Displays and Controls

DECOM Decommutator

DF Direction Finder

DoD Department of Defense

DPS Descent Propulsion System

DSB Double Sideband
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DSBAM Double Sideband Amplitude Modulation
ECS Environmental Control Subsystem
EDS Emergency Detection Subsystem
ELS Earth Landing System

EMU Extravehicular Mobility Unit

EPS Electrical Power Subsystem

ETR Eastern Test Range

EVA Extravehicular Astronaut

F Thrust

OF Degrees Fahrenheit

FM Frequency Modulation

fps feet per second

ft feet

g gravitational acceleration

GSE Ground Support Equipment

GSFC Goddard Space Flight Center

HF High Frequency

Hg mercury

HOSC Huntsville Operations Support Center
IMU Inertial Measurement Unit

Isp specific impulse

10U Instrument Unit

kc kilocycles per second

KSC Kennedy Space Center

kwh kilowatt hours

1b pound

1C Launch Complex

LCC Launch Control Center

LEM Lunar Excursion Module

LES Launch Escape System




LH2
LOR
LUT
mc
MCC
MCP
mcw
MILA
Mistram
mm
MMH
mr

MSF
MSFN

N&G
nm
NRZ-C
ODOP
OMSF
PAM
PCM
PDP
PIP

PM
PNGCS

psi
psia

PSK

73

liquid hydrogen

Lunar Orbit Rendezvous
Launcher-Umbilical Tower
megacylces per second
Mission Control Center
Mission Control Programmer
modulated continuous wave
Merritt Island Launch Area
Missile Trajectory Measurement
millimeter
Monomethylhydrazine
milliradian

Manned Space Flight

Manned Space Flight Network
North

Navigation and Guidance
nautical mile

Non-Return to Zero - Type C
Offset Frequency Doppler
Office of Manned Space Flight
Pulse Amplitude Modulation
Pulse Code Modulation
Program Development Plan
Pulse Integrating Pendulum
Phase Modulation

Primary Navigation, Guidance and
Control System

pounds per square inch
pounds per square inch absolute

Phase Shift Keying

March 1, 1966
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RCS
R&D
rf
RFI
RQ

S

SC

SCATS

SCI EQUIP
SCS

sec

SM

SPS

SSBAM
SS/FM

TV
UDMH
UHF
USB
AV
VAB
VHF

74

Reaction Control Subsystem
Research and Development
Radio Frequency

Radio Frequency Interference

Respiration Quotient - ratio of CO9 produced
to Oy consumed by volume

South

Spacecraft

Simulation, Checkout, and Training Subsystem
Scientific Equipment

Stabilization and Control System

second

Service Module

Service Propulsion Subsystem

Single Sideband Amplitude Modulation

Single Sideband Amplitude Modulation
Frequency Modulated on carrier (SSBAM/FM)

Television

Unsymmetrical Dimethylhydrazine
Ultra High Frequency

Unified S-Band

Incremental Velocity

Vertical Assembly Building

Very High Frequency
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OPERATIONAL

TABLE 3.3-1
SATURN IB LAUNCH VEHICLE COMMUNICATION AND TRACKING REQUIREMENTS

STAGE
£QUI PMENT NUMBER OPERATING FREQUENCY »
IMPLEMENTATION OF UNITS ANTENNA SUBSYSTEM MODULATION CHARACTERISTICS REMARKS
SUBSYSTEM TRANSMIT RECEIVE
S-18 @ SEE NOTES 1, 2 AND 23
TELEMETRY PCM/FM TELEMETER ONE 225-260 Mc OMN[-DIRECT1ONAL PCH/FH o CH BIT RATE SHALL BE 72 KILOBITS/SECOND
@ SEE HOTES | AND ¥
MULTIPLEXED WITH QUTPUT
FM/FM TELEMETER oRe 225-260 Mc OF $-18 PCH/FM TELENETER P/ FM o:wmm NODULATION UTILIZED DURING R & D FLIGHT
N\ / / \/ \ nn.{n.\:xsn ﬁm\mé\ \ /
PAN/FM/FN TELEMETER ONE 225- zco OF $-18 PCN/FM TELEMETER Anlm/m o SEE 0 £S | AND L]
\/ \/ X /\/ Y AV AV
SS/FM TELEMETER ONE 225-260 ke :‘F’LET:E:E:I:,‘,"; OENETER O(\ )(s\s/m >O<o STOTE/MOOW
N\ \ Z AN \
COMMAND DESTRUCT RECEIVER AND DECODER ™ 400-450 Mc OMN(=D[RECT{ONAL * ﬁif.siﬁ??és5‘.‘.‘.2#5&3“.‘?‘35#f.;:é'&"?:?‘é:““ corsuane
TRACKING 0DOP TRANSPONDER OME UNF UNF FIXED DIRECTIONAL
m — e} — =
s-ive SEE NOTES 1. 2 AND 3
TELEMETRY PCM/FM TELENETER onE 225-260 Mc OMNI-DIRECTIONAL P/ P PCM BIT RATE SHALL BE 72 KILOBITS/SECOND
/\W/\ \ ,{? E/\ Y/\T seg NOTES Y D 4 /\
IPLEX ITH
/PH TELEKETER 225-260 Me oF s-l'\;n IECDN'I'FN T:EE;‘EJT n F“Im ,nulrn/m nomu.y\unuzzb DURING n & D FLIGHT
{ ) \ A "(ﬁ""
/
AM/FH/FM TELEMETER 25-260 Me SEE uore 5 m/ru/m Ks:s '52 | g
A
oy N A Wg/ AN
$S/FM TELEMETER ONE 25-260 Hc SEE_NOTE 5 SEE MOTE 4
X X A X Y
COMMAND DESTRUCT RECEIVER AND DECODER ™ $00-450 Mc OMN 1 -DIRECT | ONAL ’}'.{{:s.i‘,'#}%’:s5',‘.‘.‘;;{&3“,{;‘}}:%E.,:;TQF“QSEEJ:f‘" ComtanD
———
INSTRUMENT UNIT @ SEE NOTES |, 2 AND 3
TELEMETRY PCM/FM TELEMETER ONE 225-260 Mc OMNI-DIRECTIONAL Pe/Pu @ PCH 81T RATE SHALL BE 72 KILOBITS/SECOND
|@ BIT STREAM SHALL CONTAIN ALL S-IVI/IU MISSION COMTROL NATA|
¢ ) o SEE NOTES 1. 2 AND 3
);5 T )% 2 oo-Y e’ ru>u/ @ EXPERIMENTAL svsmc
/ EMETER ong PN BIT RATE SHALL %€ 72 momsrssceno
81T STREAN SHALL BE 1OENTICAL WITH (U VHF Iruren.sumn
MULTIPLEXED WITH OUTPUT ® SEE NOTES | AND ¥
FH/FM TELEMETER ONE 225-260 Me OF (U YHF PCM/FM TELEMETER L]
/ NV Siivexeo i o \7 \/
m/ru/ru rz><zm K)\/ 5260 Mc :'F’LII"";::E,':;;I: ?:Igzm /Aulrulru SEE nor:s | aNO
VAV vawawasws XX
IMULTIPLEXED wWITH OUTPUT
$/FW TELENETER OnE 225-269 M {X‘ OF 1U VKF BCH/FM TEL UE,LWW @ see umW
A/ \/\/{)\/ A SRR
® SUBCODED 5-B1T WORDS AT 1000 BITS/SECOND
UP-DATA RECEIVER & DECODER ONE ¥00-U50 Mc | OMN1-D [RECT 1ONAL PSK/FM . e sec wore 7
A AN e ) THIS SYSTEM SNALL BE COMPATIBLE WiTH RANGE
COMMAND DESTRUCT AT- },.D/,,m,},/ ont .m_,; /n\n L/ > SAFeTY comand TRMSHITIERS INSTALLED AT
(EXPERIMENIAU )/ t °"""°‘“°y STATIONS OF THE
\Z \ X X Z] / 2\ \_4 o PASSENGER TEST sh20l oMy’ ./ \
C-8AND @ UTILIZES CODING DIFFERENT FROM C-BAMD RADAR TRANSPONDERS
TRACKING RADAR TRAMSPONDER ONE c-BAND C-BAND OMN1-DIRECTIONAL PULSE ON SPACECRAFT
AZUSA TRANSPONDER ONE C-pAun C-RAND OMN1-DIRECTIONAL
AN N X X N \
MELEVIKON %;ISIOH nuusm'ny ONE ><X X W X/m
N PANILY ‘

NGYES:
R

THIS TELEMETRY SUBSYSTEM SHALL BE 3.
COMPATIBLE WITH THE INTER RANGE
INSTRUMENTATION GROUP STANDARDS

(IRIG DOCUMENT N0. 106-60.

"TELEMETRY STANDARDS REVISED 1962")

ALL PCM TELEMETRY SUBSYSTEMS SHALL

THIS PCM TELEMETRY SUBSYSTEM SHALL
BE CAPABLE OF TRANSMITTING THE PCM
BIT STREAM REQUIRED FOR REAL-TIME USE
VIA COAXIAL CABLE TO THE CHECKOUT
FACILITY PRIOR TO LIFT-OFF AND ViA
AN RF LINK PRIOR TO AND AFTER LIFT-OFF.

S. UP TO ¥ VHF STAGE TELEMETERS SHALL BE
MULTIPLEXED OM A COMMON ANTEMNA SUB-
SYSTEM. WHEN MORE THAN ¥ YHF STASE
TELEMETERS ARE CARREED, A SECOND
OMMI-DIRECTIONAL ANTENNA SUBSYSTEM
SHALL BE PROVIDED.

3/1/66

BE DESIGNED TO PROYIDE AN ERROR
RATE NOT EXCEEDING ONE BIT IN (0%
BITS FOR TRANSMISSIONS TO THE MSFN
AS MEASURED FROM LAUNCH VEWICLE
ENCODER TO EARTH-BASED DECODER.

THE UP-DATA SUBSYSTEM SHALL BE DESIGKED
IN CONJUNCTION WITH STATIONS OF THE MSFN
SUCH THAT MO MORE THAN ONE CORRECT
MESSAGE SHALL 8E REJECTED PER 1000
CORRECT MESSAGES AND THAT NO MORE THAN
ONE PER 10% INCORRECT MESSAGES SHALL

BE ACCEPTED.

THIS TELEMETRY SUBSYSTEM SHALL
TRANSMIT OATA REQUIRED ONLY FOR
POST-MISSION ANALYSIS VIA AN RF
LENK

NOT PRESENTLY SCHEDULED FOR OPERATIONAL
SATURN |B LAUNCH VENICLES. HOWEVER,
PROVISIONS TQ CARRY THIS TELEMETER
SHALL BE INCORPORATED ON ALL SATURM 18
LAUNCH VENICLES THROUGH AS-207,

EQUIPMERT/FUNCTION
CODING
™IS OPERAT | ONAL
FLIGHT VEHICLE
REQUIRED REQUIRED
NoT
REQUIRED REQUIRED /
NOT
REQUIRED REQIRED
NOT NOT
REQUIRED REQUIRED

TABLE 3.3-1
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TABLE 3. 4-1
OPERATIONAL SATURN V LAUNCH VEHICLE COMMUNICATIONS AND TRACKING REQUIREMENTS

STAGE OPERATING FREQUENCY §
AL JuMBER | ANTENNA SUBSYSTEM MODULATION CHARACTERISTICS REMARKS
SUBSYSTEM wANsMIT | Receve }
S-1IC ® SEE NOTES 1, 2 AND 3
TELEMETRY PCM/FM TELEMETER ONE 225-260 Mc OMM 1 -DIRECTIONAL PCM/PM © PO BIT BATE SHALL BE 72 K)LOBITS/SECOND
@ SEE NOTES 1 AND 4
FM/FM TELEMETER ONE 225-260 Mc SEE NOTE 5 FM/FM
PM/F“/F“ NoDULATlO" UTILIZED DURING R & D FLIGHT PROGRAM
7 N 7 <
ELIY, VAV AT AV GO0 (OIS0, S D WiV,
s K W i X X | X AN o AN \/\/\/\/\/
>( %m\ m:u;r&( P W 225-260 M. SEE WOTE 5 Ly o sk mre'y
COMMAND DESTRUCT RECEIVER AND DECODER ™ 400-450 Mc OWH1-DI RECT [ ONAL ¢ ;:::;jﬁ{g:ss'.':';hf&g“’:’;‘;}':ﬁo:yg"‘#:gfeﬁ,:"" COMMAND
TRACKING 0DOP TRANSPONDER © ONE UHF HE FIXED DIRECTIONAL
LEVIKS 10 A"ELEVI/S}ON TRA@TTER ONE 1700 1730 Mc / \ i \
S-1i ® SEE NOTES |, 2 AND 3
TELEMETRY PCH/FM TELENETER oxe 225-260 Mc OMKI-DIRECTIONAL PCH/PH ® PCH BIT RATE SHALL BE 72 KILOBITS/SECOMD
® SEE NOTES | AND ¥
FM/FM TELEMETER ™0 225-260 Mc SEE NOTE 5 FNPM
@ PAM/FM/FM MODULATION UTILIZED DURING R & D FLIGHT PROGRAM
/7 /7 N N\
/\rwml{n\nmsrsn /&E \ézs-\zw u{ >( >< SEE nor/z 5 \< >< Pm!ru/ru>< >< SEE NO?\ES/I AND\MQ )& )& /\
A A 4 AN NN
N/
><s/rn TELEMEYK wx 225-260 NXN v&: NOTE 5\2 W\?IFW o SEE NOTE W \>(><
L N\Z y N PaN
conn pstruct| s o oims o e L O T g o

2 AND 3

® SEE NOTES |,

S-ive

M PCM/FM TELEMETER ONE 225-260 Mc 1-DIRECTI ONAL
TELEMETRY / o cno Pou/ P @ PCM BIT RATE SHALL 3E 72 KILOBITS/SECOND
N NG ) e X /ﬂ /X{z}n:s I ARDY \/ \/
FM/FM TELEMETER ONE 225-260 Mc SEE NOTE § ru;ru N/
AV 5/ 2\ @ PAM/FM/FM MODULATION UTILIZED DURING R & D FLIGHT PROGRAM
< X7 7 VAR <7 \vg
PAM/FM/FM TELEMETER &o >/225- 60 Mc >< SEE uor:% x x mm/mK x @u}(gs ) AHD .;\/\/\A
4 AN N _ 2 y N\ \ |
TR el PR e T
SS/FM TELEMETER ONE 225-2 /QSEE NOTE 5\/ \Ss 2] \/\/\ SEE NOTE U
yARRNVIIAN Z %N N AV ! X
MMA RECEIVER AMD DECODER ™ 400-450 Mc oMM 1-DIRECT IOMAL ® THIS SYSTEM SHALL BE COMPATIBLE WITH RANGE SAFETY COMMAND
co ND DESTRUCT TRANSMITTERS INSTALLED AT STATIONS OF THE FTR
INSTRUMENT UNIT ® SEE NOTES |, 2 AND 3
TELEMETRY PCM/FM TELEMETER ONE 225-260 Mc OMN 1-DERECT {ONAL PCH/FM ® PCH BIT RATE SHALL BE 72 KILOBITS/SECOND
@ THE TELEMETRY SHALL CONTAIX ALL S!VA/|U MISSI0% CONTROL DATA
@ SEE NOTES | AND 2
6 FIXED DIRECT(ONAL
PCM/FM TELEMETER ONE $-8AND VARIABLE BEAMWIDTH PCM/FM ® PCM BIT RATE SHALL BE 72 KILOBITS/SECOMD
@ TRANSMITS THE SAME BIT STREAM AS THE IUVHF PCM/FM TELEMETER
© SEE NOTES | AND &
JMULTIPLEXED WITH OUTPUT
PHIFH 225-260 M
TELEMETER one © 0F 1U VHF PCM/FM TELEMETER FH/PM
ZAY ANV ) < > > v N7 \ 7 N 7
pAAIFHIFY TELEMETER >/ou: Xz\z(zso N):( o T v p I vt N / Y >< AN/ PP SEE MOTES 1| KD M >< X x
- - JaN . 14 ETER / AN
4 Ve o e ) LTIPLEXED WITH OUTPUT 4
SS/EM TELEMETER >< XE >< 225260 Mc >< >< K )& >Q/FM)‘ X see X woTES u /\
P e N 0F U YN Puu/PH TELEETER Z N / N
. rms SYSTEM SHALL PROVIDE TELEMETRY TRANSMISSION, UP-DATA
MULTIPLEXED WITH RECEPTION AND TRACKING ASSISTANCE TO THE MSFN
COMMAND AND COMMUN|CAT 10N ONE S-BAND QUTPUT OF 1U S-BAND PO/ PM/PM © UTILIZES SAME OPERATING FREQUENCIES AS THE LEM USB SYSTEM
SYSTEM {CCS) PCM/FM TELEMETER ® SFE HOTE 2
® THE CCS TRANSMITS THE SAME BIT STREAM AS THE S-IVB VHF
PCM/FM TELEMETER AT A BIT RATE OF 72 KILOBITS/SECOND
[ESUIGSS UGN LU DI Y SIS G S IS ———— E— — s s | — — — — — — — —c—
PSK/FM/PH @ NO MORE THAN ONE CORRECT MESSAGE SHALL BE REJECTED PER
UP - DATA ccs $-BAND SUBCODED 5-BIT WORDS 1000 CORRECT MESSAGES AND NO MORE THAN OME PER 10?
AT 1000 BITS/SECOND INCORRECT MESSAGES SHALL BE ACCEPTED
_—— e — e — e — — e — — e — — — S——" t— —"'ﬁmﬁ"m Eﬁmkkmm'm———
H ECEIV aY
TRACKING AID ccs $-BAND $-8AND L] @ COHERENT TURN-AROUND CARRIER
@ COHERENT TURN-AROUND RANGE CODE
C-BAND
- - OMK1-0 | RE @ UTILIZES CODING DIFFERENT FROM C-BAND
RADAR TRANSPONDER ONE c-eanp C-BAND CTIONAL PULSE RADAR TRANSPONDERS ON SPACECRAFT
AZUSA TRANSPONDER ONE C-BAND C-BAND OMN{-DIRECTIONAL [
10TES;
I. THIS TELEMETRY SUBSYSTEM SHALL BE 3, THIS PCM/FM TELEMETRY SUBSYSTEM SHALL TRANSMIT 5. UP YO Y VHF STAGE TELEMETERS SHALL BE LEGEND
COMPATIBLE WITH THE INTER RANGE THE FOM BIT STREAM REQUIRED FOR REAL-TIME MULTIPLEXED ON A COMMON AKTEKNA SUB-
;l::};u:g:m;trmngko?zésgzaoizrzgm" USE VIA COAXIAL CABLE TO THE CHECKOUT SYSTEM, WHEN MORE THAN 4 VHF STAGE
5 . 106-60 " FACILITY IN THE MILA PRIOR TO LIFT-OFF TELEMETERS ARE CARRIED, A SECOND EQUIPMENT/FUNCTION
STANDARDS REVISED 1962"). AND YIA AN RF LINK PRIOR TO AND AFTER LIFT-OFF. OMN1-DIRECT IONAL ANTENNA SUBSYSTEM w Irune CODING
SHALL BE PROY!DED. s LUNAR
2. ALL PCM TELEMETRY SUBSYSTEMS SWALL BE DES!GNED . THIS TELEMETRY SUPSYSTEM SHALL TRANSMIT ) FLIGHT MISSION
TO PROVIDE AN ERROR RATE NOT EXCEEDING ONE nni REQUIRED o.s.f_' rzn POST-MISS ION 6. POSSIBILITY OF REW;“D‘E"TS BEING
IN 108 BITS FOR TRANSMISSIONS TO THE MSFN AS ANALYSIS VIA AN RF LINK. FULFILLED BY THE CCS.
MEASURED FROM LAUNCH VEWICLE ENCODER TO EARTH- REQUIRED REQUIRED
RASED DECGOER. 7. NOT PRESENTLY SCHEDULED FOR OPERATIONAL
SATURK ¥ LAUNCH VEHICLES. HUWEVER, REQUIRED NOT
PROVISIONS TO CARRY THIS TELEMETER SHALL REQUIRED
BE INCORPORATED ON ALL SATURN V LAUNCH —
AS-506.
YEHICLES THROUGH REQUIRED REQUIRED
NOT NOT
REQUIRED REQUIRED

TABLE 3. 4-]
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TABLE 3.5-2A

CSM COMMUNICATIONS AND TRACKING REQUIREMENTS

SUBSYSTEM

EQUIPMENT
IMPLEMENTATION

NUMBER OPERATING FREQUENCY
OF ANTENNA SUBSYSTEM
UNITS TRANSMIT RECEIVE

MODULAT{ON CHARACTERISTICS

REMARKS

VOICE COMMUNICATIONS
WITH MSFN

{SEE NOTE 1)

WITH MSFEN

WITH MSFN

WITH LEM

WITH LEM

WITH EVA

WITH EVA

WITH RECOVERY FORCES

WITH RECOVERY FORCES

WITH RECOVERY FORCES

UNIFIED S-BAND SYSTEM

@ SEE TABLE 3.5-26 FOR REQUIREMENTS

YHF TRANSCEIVER #1

ONE VNF VNF OMN1-DIRECTIONAL

DSBAM TRANSMIT
DSBAM RECEIVE

@ ALTERNATE NEAR-EARTH VOICE COMMUKICATIONS CHANNEL VIA
SIMPLEX MODE OF OPERATION

@ PRIMARY YO!CE COMMUNICATIONS CHAKNEL WITH LEM VIA SIMPLEX
MODE OF OPERATION

.PRIHAI;V TRANSMITTER FOR DUPLEX VOICE COMMUNICATIONS
WITH EVA

@ ALTERMATE BACK-UP FOR VOICE COMMUNICATIONS WITH EVA VIA
SIMPLEX MODE OF OPERATION

@ ALTERNATE YOICE COMMUNICATIONS CHANNEL WiTH RECOVERY
FORCES VIA SIMPLEX MODE OF OPERATION

VHF TRANSCEIVER #2

MULT{PLEXED WITH
TRANSCEIVER *1

DSBAM TRANSMIT
DSBAM RECEIVE

® UTILIZED FOR YOICE RECEPTION SIMULATION DURING
R & D FLIGHT PROGRAN
@ SEE "VOICE COMMUNICATIONS WITH LEM"

VHF TRANSCEIVER #1

® SEE "VOICE COMMUNICATIONS WITH MSFN"

YHF TRANSCEIVER #2

MULTIPLEXED WITH

ORE VHF YWF
TRANSCEIVER #)

DSBAM TRANSMIT
DSBAM RECEIVE

@BACK-UP YOICE CONMUNICATIONS CHANNEL WITH LEM ViA SIMPLEX
MODE OF OPERATION

@ RECEIVES LEM POM/AM DATA

© PRIMARY RECEIVER FOR DUPLEX YOICE COMMUKICATIONS WiTH EVA

@ RECEIVES EVA BIOMEDICAL DATA SIMULTANEOUSLY WITH EVA

YOICE
© ALTERNATE BACK-UP FOR VOICE COMMUNICATIONS WITH EVA VIA
SIMPLEX MODE OF OPERATIONS

YHF TRAMSCEIVER #1

@ SEE "VOICE COMMUNICATIONS WITH MSFN™

YHF TRANSCEIVER ¥2

® SEE "VOICE COMMUNICATIORS WITH LEM"

HF TRANSCEIYER

ONE HF HF OMN|-DIRECTICNAL

M, CW, sSp

@ ALSO PROYIDES BEACON MODE OF OPERATION FOR DF AFTER

LAKDING
@ HF RECOYERY ANTENNA DEPLOYED AFTER LAMDING

SURVIVAL TRANSCE!VER

UTILIZES CITRER VHF

VHF YHF
o RECOVERY ANTENNA

@ PART OF CREW SURVIVAL EQUIPMENT

@ BACK-UP FOR VHF VOICE COMMUNICATIONS WITH RECOVERY
FORCES

@ BACK-UP FOR VHF RECOVERY 3EACOM

YHF TRANSCEIVER ¢!

OMNI-0IRECTIGNAL
RECOVERY ANTENNA 42

©® RECOVERY ANTENNA DEPLOYED AT MAIN CHUTE DEPLOYMENT
@ SEE "VOICE COMMUKICATIONS WITH MSFR"

KEYING COMMUNICATIONS
TO MSEN

UNIFIED S-BAND SYSTEM

® SEE TABLE 3.5-28 FOR REQUIREMENTS

TELEMETRY TO MSEN

UN{FIED S-BAND SYSTEM

@ SEE TABLE 3.5-28 FOR REQUIREMENTS

7\
10 MSFN\

A />
PCA/FM TELEMETER
PANEDAN

/\ / NU@ LEXE(\ ™ /

ONE 225-260 Mc
TR“SCEWER #1
Z\__A PARN

'ﬂlﬂ{\

NRZ-C SERIAL BIT STREMM

/N
Ld SEE NOTES 2, 3, AND 5,\
SELECTADLE B!T RATES OF 51.2 KBS AND .8 KB5S
AL” PU'IDB PI.AVIACI)F IECOIMD CS( mjlmﬂl

170 MSFN

/\/ \/ N
AM/FM/FM TELEMETER:
Nz \Z \ .

225-260 Mc

klmnsxm ¥ITH
™0
)</ )<)<  TRANSCEIVER ~1)<

LANLN L
A XX
Piu/ M) M

\ L\

T Y
[ TRMSMH DAH REQUIRED DNLV\DI ?DST-FLIGKT ALYSIS

puini SN Z NN\ 7

FM T ELEMETER

A

A
OKE \/zzs-zeo He
X

\VAVAVAVAVASEVAVA

'é‘ )4 7
@ TRANSNITS DATA IEWIRED ONLY FOR POS\'—FLI HT AIALVSIS

}‘ssz MTES N\ / y v /

© SEE "VOICE COMMUNICATIONS WITH LEM®

pou/m ® SEE NOTE ¥
FROM LEM VHE TRANSCEIVER 42 @ PCM BIT RATE OF 1.6 KILOBITS/SECOND
FROM EVA VHF TRANSCEIVER 42 o @ SEE "VOICE COMMUNICATIONS WITH LEN"
TAPE PLAYBACK TO MSEN UNIFIED S-BAND SYSTEM @ SEE TALE 3.5-2 FOR REQUIREMENTS

IZOVM':N/B/\?I mm\ré )‘
1 /{ N \/ \

[ XK XA XX

X AAAXL

R o X XXX
SEE "TELEMETRY TO MSFN’,
AN

TELEVISION
TO MSFN

UNIFIED S-BAND SYSTEM

® SEE TAJLE 3.5-28 FOR REQUIREMENTS

UP-DATA
(SEE NOTE 6)

FROM MSFN

UNIFIED S-BAKD SYSTEM

@ SEE TABLE 3,5-28 FOR REQUIREMENTS

7\ A\DZAY X UTILIZES /\ X ){
{FROM MSFN RECEIVER AND DECOGER ONE ¥00-450 Mc TRANSCEIVER #) péki SUBCODED 5-81T WORDS AT 1000 8175/SECOND
1N\ \NDZARN X ¥ \N-FLIGHT ANTERNA XAy VS
TRACKING AID 10 MSFN UMIFIED S-2AND SYSTEM @ SEE TABLE 3.5-28 FOR REQUIREMENTS
AN N 4 \ . N/ \ \ \ \
:; é:N C-6AND kﬂ% oNE {_smo Mw) o;}u-/mn:cnau/< )( )< PULSE )< /< ® uTiILIZES MNG DIRFERENT FRou LAONCH vER(CCE AMD LE
C-BAND RADAR, TRANSPONOERS NN
N TRASQOHOER \ Z\ NN\ 7 G0 RIOARTRANSPONOERS X X\~
TO LEM RENDEZVOUS RADAR ONE X-BARD X-8MMD OMI 1 -DIRECTIONAL - ?;23';51 © THREE TONE RANGE CODE AND COHERENT CARRIER TURN-AROUND
TRAMSPONDER
BEACON OMNE-DIRECTIOMAL @ RECOVERY ANTENNA DEPLOYED AT MAIN CHUTE DEPLOYMENT
TO RECOVERY FORCES RECOVERY SEACON ONE VHF RECOVERY ANTENNA #1 - '
TO RECOVERY FORCES HF TRANSCEIVER o @ SEE "VOICE COMMUNICATIONS WITH RECOVERY FORCES”
TO RECOVERY FORCES SURYIVAL TRANSCEIVER - @ SEE "VOICE COMMUNICATIOKS WiTH MSFA"
WOTES: LEGEND
1. THE MINIMUK WORD (NTELL IGIBILITY SHALL 3. TS TELOATRY SUBSYSTEN SHLL BE 5. THIS PoH TELEMETRY SUBSYSTE SHALL BE
8E 90% ¢ 08 NORMAL 10 TCE COMAN TIONS 8LE WITH THE INTER RANGE CAPASLE OF TRANSMITTING “HE PCM 317 EQUIPHENT/FUNCTION
708 FOR aACK-ue RNy AT LoS INSTRMEKTATION SROUP STAN TR REQUI RED FOR RE
MEASURED BY UNDE {JRic bocuET NO. 10680, e eeray COAXIAL CABLE TO THE CHECKOUT FACILITY
SIMULATED omnme CoRDiTIONS uT- TAKDARDS REYISED’ (962" [N THE MILA PRIOR TO LIFT~OFF AND CODING
LIZING THE MMER CAN < WETHOD A RPN PRIOR TO A0 AFTER L)FT-GF. s s
MRl OF MONOSYLLADTC, WORD W, THE TELEMETRY SUBSYSTEM SHALL BE DESIANED
lurmmmmv DATED MAY 25, 1960. TO_PROVIDE AN _ERROR RATE NOT EXCEEDING ONE 6. NO MORE THAN ONE CORRECT MESSASE SHALL BE FLIGHT MISSION
2 THE TELEMETRY SUISYSTEM SWALL BE DESISNED S15Sion 70 THE ‘cS 45 NEASURED FhoW LEN_ REJECTED PER 1000 CORRECT MESSAGES AND MO 7
" 10 PROVIDE AN ERROR RATE WOT EXCEEDI ENCODER TO THE CSH RECORDER. :::ELT::“A“’;:;;E; 10% INCORRECT MESSAGES REQUIRED REQUIRED
ONE BIT IN 106 BITS Fg:dkéﬂsﬂéiagﬁ 1.8 X
THE MSFN AS MEASURED
WSFN DECODER. REQUIRED REQIRED [
¥oT
REQUIRED REQUIRED
wot NOT
REQUIRED REQUIRED

TABLE 3.6-2A
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TABLE 3.5-2B
CSM UNIFIED S-BAND COMMUNICATIONS AND TRACKING REQ!JIREMENTS

OPERATING FREQUENCY
EQUIPMENT NUMBER MODULATION

OF ANTENNA SUBSYSTEM
IMPLEMENTATION UNITS TRANSMIT RECEIVE CHARACTERISTICS

SUBSYSTEM

REMARKS

VOICE COMMUNICATIONS
(SEE NOTE 1}

TRANSPONDER FREQUENCY SHALL BE COHERENT WITH SIGNALS
FMIPH TRANSMIT - RECEIVED FROM THE MSFN AND IN THE RATIO OF 240:22}

OMN)-DIRECTIONAL

WITH MSFN PM TRANSPORDER ™ S8anp S-BAND DIRECTIONAL - VARIARLE 1,25 Mc SUBCARRIER RELAY VOICE AND TELEMETRY COMMUNICATIONS WITH EVA
BEAMWIDTH FM/PH RECEIVE

30 Ke SUBCARRIER

BACKUP RELAY OF VOICE COMMUNICATIONS WITH LEM

TRANSPONDER ALSO PROVIDES FOR TELEMETRY TRANSMISSION,
KEYED TRANSMISSION, UP-DATA RECEPTION AND TRACKING
ASSISTANCE TO THE MSFN,

® EMERGENCY YOICE TRANSMISSION

PH TRANSMIT THIS CAPABILITY 1S PROVIDED ONLY WHEN THE CAPABIL-
AT BASEBAND ITY FOR SIMULTANEOUS PN AND FM S-BAND TRANSMISSION
1S PROV IDED.

EMERGENCY YOICE RECEPTION

FM/P# RECEIVE THIS CAPABILITY IS PROVIDED ONLY WHEM THE CAPABILITY
70 Kc SUBCARRIER FOR SIMULTANEOUS PM AND FM S-BAND TRANSMISSION IS
PROVIDED.

SEE "UP-DATA FROM MSFN"

\Y 2 P SR SN
o IS TRANSMITTER OPERATES ON THE SAME FREQUENCY AS THE /
TRANSPONDER, THEREFORE IT 1S PROVIDED OMLY ON THOSE FLIGHT.

FOR WHICH SIMULTANEQUS PM AMD FM S-BAMD TRANSMISSIOH 1S \

NOT REQUIRED.

L reQuIRen, AN /& ?/ NN\
@ YOICE RECEPTION IS ACHIEVED VI PM RECEPTION OF 30 Xc
}FM SUBCARR|ERy / \

TRANSMI?TER ALSO PROVIDES FOR TELEMETRY, SCIENTIFIC
DATA, TELEVISION, AND TAPE PLAYBACK TRANSMISSION TO
|

>§ MSEN,
KEY{NG COMMUNICATIONS

® SEE "VO! 1ONS WITH MSFN"
TO MSEN PM TRANSPONDER $-BAND /oM SEE "VOICE COMMUNICATIONS S
512 Kc SUBCARRIER @ TRANSMITTED ALONE - BACKUP FOR VOICE TRANSMISSION

MOLTIPLEXED WITH
5-BAND TRANSPORDER <
ONE SSBAND OMN 1-DRECT1ONAL

ANTENNA_ SYSTEI

WITH MSFN

X

TELEMETRY @ SEE "VOICE COMMUNICATIONS WITH MSFN"

PCM/PM/PM ® SELECTABLE BIT RATES OF 51.2 XILOBITS/SECOND ARD
1,024 Mc SUBCARRIER 1.6 KILOBITS/SECOND
WRZ:C SERIAL BIT STREAM @ SEE NOTES 2 AND 3

TO MSFN PM TRANSPONDER .S-BAND

@ SEE "VOICE COMMUNICATIONS WITH NSFN"

7 SUUC:;‘“:{!?.OI 1.25 Mc @ RELAY OF COMPOSITE EVA VOICE AND 7 CHANNELS OF EVA
YOICE SUBCARRIER TELEMETRY ON VOICE SUBCARRIER WHEN SIMULTANEOUS PM
AND FM S-BAND TRANSMISSION CAPABILITY IS PROVIDED,

7N 4 v N
.\SEE "YOICE CO}GI{ICATII)’{S VLITH MSFN"

SELECTABLE BIT RATES OF 51,2 KILOBITS/SECQND AND.
1.6 KILOBITS/ SECOND

N
<O P Xt
1,024 Mc SUBCARRI ER LOBITS/ 3
nsc(ssmgén STREAN o EQlores 20 s
M TRANSHITTER #1 L/ 2\
p ST Y
\ @ SEE "VOICE COMUYICATIONS wTH HSFH®
: G LY SRR
‘ ‘ N 95 Ke, 125 Ke, 165 x=\><>o<rnovmzs 3 CHANNEDS OF REAL_TIME s}lsmm OATA

\ SUICAQRX TRANSMISS|ON TO THE MSFN /'

;
@ SIX ADDITIONAL SUBCARRIERS ARE AVAILABLE
N X \ Z § 2\

® THIS TRANSMITTER 1S PROVIDED OWLY OM THOSE FLIGHTS
FOR WHICH SIMULTANEOUS PM AND FM S-BAND TRANSMISSION

IS REQUIRED,
MULTIPLEXED W1TI FH/FM

TO MSFN FMTRANSMITTER #2 ONE S-8AKD SR o ke, 1S ke ® TRANSMITTER ALSO PROVIDES FOR TELEVISION AND TAPE
ANTENNA SYSTEM SUBCARRI ERS PLAYBACK TRANSHISSION TO THE MSFN.

® PROVIDES 3 CHANNELS OF REAL TIME SCIENTIFIC DATA
TRANSMISSION TO THE MSFN

1]
TAPE PLAYBACK 4 NN /N XN X
® st Sv?cz w@ons/m\m AN
< ~ N\ \ N N
Az /\ ® RECQROED SCIENTIFIC DATA - 3 cmuusX
K 3 K Teeres 68 ke le ADDITIONAL CHANNELS ARE ALSC AVAILABLE
FM TRANSMITTER #1 SOBARD { X AN X N\ N
S X
NALOS g:cmm \%”R‘”
PCM/PMIFM RECORDED CSM PCM TELEMETRY AT APPARERT
|~0<H= SI{CARRIER 51,2 KiLOBITS/SECOND RAT/E(
Z 4 N/ PaN

@ SEE "TELEMETRY TO MSFN"

VAN A NV4

X

/

FM/FM
95 Kc, 125 Ke, 165 Ke ® RECORDED SCIENTIFIC DATA - 3 CHANNELS
SUBCARRIERS

TO MSFN FM TRANSMITTER #2 S-BAND AT Beaann ® RECORDED VOICE
PCM/PM/EM ® RECORDED CSM PCM TELEMETRY AT APPARENT
1.024 Mc SUBCARRIER 51.2 KILOBITS/SECOND
™ ® RECORDED LEM 1.6 KILORITS /SECOND PCM TELEMETRY AT
AT BASEBAND APPARENT 51.2 KILOBITS/SECOND
TELEVISION 4 N
v TO MSFN FM TRANSMITTER #1 5-BAK N \Aﬁzm o ® SEE_"VOSCE COMMUNICATIONS WITH MSFN"
i N
LD VAV, N 2K NVZAN X
TO MSFN FM TRANSNITTER #2 S-BAND AT u;:sm) @ SEE "TELEMETRY TO NSFA®
UP-DATA - S - - ® SEE "VOICE COMMUNICATIONS WITH MSFN"
TRANSPONDER - .
(SEE NOTE 4 OM MSFN 70 Kc SUBCARRIER ® SUBCODED 5-BIT WORDS AT 1000 BITS/SECOND
TRACKING AID WP;'E‘CE&;E-" BASEBAND ® SEE "VOICE COMMUNICATIONS WITH MSFN"
TO MSFN PM TRANSPONDER S-BAND S-BAND PM TRANSMIT— ® COMERENT TURN-AROUND CARRIER
PRN CODE AT BASEBAND © COMERENT TURM-AROUND RANGE CODE
3/ 1/66
NOTES:
1. THE MININUM WORD INTELLIGIBILITY SHALL BE 3. THE PCM TELEMETRY SUBSYSTEM SHALL BE LEGEND
90% FOR NORMAL VOICE COMMUNICATIONS AMD CAPABLE OF TRANSMITTING THE PCM BIT STREAM
19,15 P CosmiEat ke, sl o TG i) et e o
COMDITIONS UTILIZING THE AMERICAN STANDARD CABLE T0 THE CAECKOUT FACILATY IN THE MILA
METHOD FOR MEASUREMENT OF MONOSYLLABIC WORD RIOR T0 LIFT-OFF AND ¥iA AN RF LINK PRIOR conING
INTELLIGIBILITY DATED MAY 25, 1960 TO AND AFTER LIFT-OFF.
THIS LUNAR
FLIGHT MISSION
2. THE TELEMETRY SURSYSTEM SHALL BE DESIGNED Y. THE UP-DATA SUBSYSTEM SHALL BE DESIGNED IN
70 PROVIDE AN ERROR RATE WOT EXCECRING ONE CONJUNCTION WITH STATIONS OF THE MSFN SUCH THAT FEQUIRED FEQUIRED
BIT IN 106 BITS FOR PCH TELEMEYRY TRANS. NO MORE THAN ONE CORRECT MESSAGE SHALL BE
MISSIONS TO STATIONS OF THE MSFN AS MEASURED REJECTED PER 1000 CORREGT MESSAGES AND THAT REQUIR rov
FRON CSM ENCODER TO MSEN DECODER. NO MORE THAW ONE PER 109 INCORRECT MESSAGES OUIRED RENUIRED
SHALL BE ACCEPTED.
NoT
REQUIRED REQUIRED
NoT NoT
REQUIRED REQUIRED

TABLE 3.5-2B
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TABLE 3, 5-4A

LEM COMMUNICATIONS AND TRACKING REQUIREMENTS

SEE NOTE 6 )\
A FROM NQFN

UNIFIED S-BAND SYSTEM

OPERATING FREQUENC
EQUIPNENT NUMBER QUENCY
SUBSYSTEM IMPLEMENTATION OF UNITS TRANSMIT RECEIVE ANTENNA SUBSYSTEM MODULATION CHARACTERISTICS REMARKS
YOICE COMMUNICATIONS
(SEENOTED)  WITHMSFN| UMIFIED S-BAND SYSTEM ® SEE TASLE 3.5-48 FOR REOUIREMENTS
@ UTILIZED FOR VOICE TPANSMISSION SIMULATION DURING R & D
WITH MSFN VHF TRANSCEIVER 1 FLIGHT PROGRAM
@ SEE_"VOICE COMMUICATIONS WITH CSH"
VHF TRANSCEIVER $2 L] EI:‘I;JHZ'EgR:g:”V‘OICE AMD DATA TRANSMISSION DUR(NG R & O
WITH MSFN ® SEE "YOICE COMMUNICATIONS WITH CSM"
© FRTGRRY VOTCE COMNICATIGHS CHARNEL WITH CSM VIA SIMPLEX
WITH CSH: VHF TRANSCEIVER & onE VHF VHF OMNI-DIRECTIONAL b3oan RECENE ® TRANSMITTER UTILIZED FOR DUPLEX YOICE COMMUN CAT |ONS W1 TH FVA
® TRANSCEIVER UTILIZED N BACK-UP MODE FOR SIMPLEX YOICE
COMMUN| CAT LONS WITH EYA
@ BACK-UP VOICE COMMURICATIONS CHAMNEL WITH CSM V(A SINPLEX
MODE
TRANSMITS LEM PCM/AM DATA TO CSM
WITH CSha VHF TRANSCE(VER #2 ONE YHF VHE Taser ven o1 2500 RECENE. ® RECEIEN UE 101760, FOR DUPLES VOICE COMMUNICAT IOKS wi T EvA
® RECEIVES EVA ©IOMEDICAL DATA SIMULTAMEQUSLY WITH EVA vO1CE
® TRANSCEIVER UTILIZED IN BACK-UP MODE FOR SIMPLEX VOICE
coumcrqﬂg WiTH :VA
WITH EVA VHF TRANSCEIVER «1 @ SEE "VOICE COMMUNICATIONS WiTH CSM™
WITH EVA VHF TRANSCEIVER #2 @ SEE "VOICE COMMUNICATIONS WITH CSM"
KEY ING COMMUNICATIONS
70 MSEN UNIFIED S-BAND SYSTEM @ SEE TABLE 3.5-48 FOR REOUIREMENTS
TELEMETRY TOMSFN{  UMIFIED 5-3AND SYSTEM ® SEE TABLE 3.5-UB FOR REQUIREMENTS
ﬁ});\ ;1 VHF, ren.zum{/\ ou\z/\ 225260 Nc,\/\/ "éués‘v’s‘%'!m"'oﬁ'fé?lﬂ'&:‘/ '\/\//;m[ru/m o SEE WTE 3
N V¥ 0N ADAPTER }” N
7\
E MS/F? /\/ " YELMTER WE\/ \2}5-2,60\“;/ d \/ \z 'EEEEE#E;ERN%NWSM 0\4/\/ \ m;m/m7 \/\/ o\S;E llm\:’/ \/\/\/\/\/
| TO MSFN \'ﬁF TELE"ETER \// \?NE/ \)/ z}s;{zsolnc\ / \/ 'T;%E;ru;ﬁnﬁn%nwis/of ° \/ \/ rm,‘mlru / \/ \ZEQ WOTE 3\/ \/\/ \/
- A I Al \ PR Y r
TO MSFN VHF TELEMETER N Mj/ yazs-zs& uc/ \/ y ?2@;.5%55‘2..%&2's5a;°/ \/ X(/ FM/FM v \/ o, COISTMRBMDWIDT‘! svsrs:/ \/\A /
'T— ) \. .7 \ I MULTIPLEXED DN VHF R & 0 / 7 o3 7
: EE NOTES 2, 3, D 87 \ / \
'(—TQ(M;AF! { ol T v“ >( }\zb—m e y >‘ SVSTRg0 y\sus y >(m}r§ y ®REDUNDANT WITH UNIFIED S-BAND SYSTEM PCM unx/\/
X VHF TRANSCEIVER 42 ® UTTLIZED FOR DATA TRANSMISS!ON SIMULAT 10N DURING R & D PROGRAM
TO_N{_SF_F ® SEE "VOICE COMMUNICATIONS WITH CSM"
® SEE NOTE 5
T0 CSM VHF TRANSCEIVER 42 PCM/AN ® PCM BIT RATE OF 1.6 KILOBITS/SECOND
® SEE "VOICE COMMUNICATIONS WITH CSM®
FROM EVA VHE TRANSCEIVER 42 M/ M @ SEE "VOICE COMMUNICATIONS WITH CSM"
% PWBACK% \ ! >O< >\/\ /W
TO)?SFN NOT APPLICABLE
X / \ A\
TELEVISION
TO MSFN

® SEE TABLE 3.5-48 FOR REQUIREMENTS

“ “\*/\“VK

N/ N7
UTILIZES VHF R & D

X
X
X

RECE!VER AND DECODER ONE TELEMETRY ANTENNA ® UTILIZED QNLY DURING R & D FLIGHT PROGRAM
/ SUBSYSTEM
Z N
RACKING AID
TRACKING Al TO MSFN UNIFIED S-BAND SYSTEM ® SEE TABLE 3.5-4B FOR REQU!REMENTS
AN X Y X7 X7 <7 \ X7 "SAME CODING IS UTILIZED FOR ROTH TRANSPONDERS RIT
- ro SFN Xc-m%m TRANSPONDER )& ™0 S( c-moX C-8AND OMN 1D (RECT { ONAL )< X PULSE hd 3
N \ 'SPONDER | A P A N CQDING DIFFERS FROM THAT USED BY CSM AND LAUNCH VEMICL
TRACKING ® THREE-TONE RANGE CODE AND CARRIER COHERENT TURN- AROUND
@ ACCURACY: ({a) VELOCITY 1/u% OR i fps
PH TRANSMIT b) RANGE 1% OR 20 feet
OF CSM RENDEZVOUS RADAR ™ X-BAND X-BAND DIRECTHONAL PM RECEIVE c) ANSLE sﬁ, biag *
2mr random
® ALSO USED FOR TRACKING OF TRACKING AID ON LUNAR SURFACE
OF TRACKING AID ® .
EVDEZVOUS RADAR ® SEE "TRACKING OF CSM"
ON LUNAR SURFACE
Y: VELOCITY 19 OR | f
OF LUNAR SURFACE LAKDING RADAR ONE X-BAKD X-BAND DIRECTIONAL (W AND FM/CW TRANSNIT  ACCURAC E: T o ™
HOTES: LEGEND
1. THE MINIMUM WORD INTELLIGIBILITY SHALL 8E 3. THE TELEMETRY SUBSYSTEMS SHALL BE 5. THE TELEMETRY SUBSYSTEM SHALL BE DESIGNED
907 FOR NORMAL YOICE COMMUN(CATIONS AND COMPATIBLE WITH THE INTER RANGE TO PROVIDE Af ERROR RATE NOT EXCEEDING OME
70% FOR BACK-UP COMMUNICATIONS AS MEASURED INSTRUMENTAT{ON GROUP STANDARDS (IRIG BIT (N (0% BITS FOR PCM TELEMETRY TRANS-
BY USER PERSONNEL UNDER SIMULATED OPERAT ING DOCUMENT NO. 106-60 "TELEMETRY STANDARDS MISSIONS TO THE CSM AS MEASURED FROM LEM EQUIPMENT/FUNCT 10N
CONDITIONS UTILIZING THE AMERICAN STANDARD REVISED 1962") APPROPRIATE TO THE ENCODER TO CSM RECORDER. coorws
METHOD FOR MEASUREMENT OF MONOSYLLABIC WORD RESPECTIVE TELEMETRY SUBSYSTEMS. THIS LUNAR
INTELLIGIBILITY DATED MAY 25, 1960. FLIGHT MISSION
2. THE TELEMETRY SUBSYSTEM SHALL BE DESIGNED 4. THIS PCM TELEMETRY SUBSYSTEM SHALL 6. NO MORE THAM ONE CORRECT MESSAGE SHALL BE REQUIRED REQUIRED
TO PROVIDE AN ERROR RATE NOT EXCEEDING ONE se CAPABLE OF TRANSMITTING THE PCM 8IT REJECTED PER 1000 CORRECT MESSAGES AMD THAT
BIT IN 108 BITS FOR PCM TELEMETRY TRANS- TREAM aggum[p FOR REAL-TIME USE YIA NO MORE THAR ONE PER 109 INCORRECT MESSAGES NOT
MISSIONS TO STATIONS OF THE MSFN AS MEASURED coAqu CABLE TO THE CHECKOUT FACILITY SHALL 8E ACCEPTED. REQUIRED REQUIRED
FROM LEM ENCODER TO MSFN DECODER. IN THE MILA PRIOR TO LIFT-OFF AND VIA AN RF 0
LINK AFTER ADAPTER JETT{SON. NoT
REQUIRED REQUIRED
NOT NOT
REQUIRED REQUIRED

TABLE 3. 5 - 4A
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10.1.1 General

10.1-1 March 1, 1966

This appendix establishes control weights for the

Saturn IB and Saturn V launch vehicles and Apollo spacecraft,

Where a trajectory has been established for the flight mis-

sions presented in the Apollo Flight Mission Assignments directive,

M-D MA 500-11,control weights are based on that trajectory. Where a

mission trajectory has not been established, orbital or lunar mission

capability is given as defined in 10,1.3 or in 10,1.4.

10,1.2 Definition of Terms

Control Point:

Control Weight:

Dry Weight:

Payload

Capability:

Injected Inert
Weight:

Any designated portion of a space vehicle for which
weights are specified in this document.

The limiting value of weight, capacity or capa-
bility of a control point based on a specified mis-
sion. The established weights shall not be ex-
ceeded and the established tank capacity and
payload capability shall be guaranteed values.

The weight of hardware not including fluids except
those of sealed closed-loop systems which are
installed as single complete items. This weight

is the sum of Mass Properties Standard CM 018~
001-1 Functional Code items 1 through 16 or
equivalent,

The guaranteed payload (spacecraft injected weight)
that the launch vehicle will carry as specified under
"Launch Vehicle Payload Requirements", 10.1.3 and
10.1.4.

The spacecraft module's weight at the time of
spacecraft separation from the launch vehicle, ex-

cluding usable propellant,
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Injection The weight of a launch vehicle stage at the time
Weight: of placing the spacecraft on the desired trajectory.

Propellant Tank The design mainstage propellants, i.e., the
Capacity:

amount of usable propellants for which stage or

module propellant tanks are sized.

Separation The weight of an expended launch vehicle stage as
Weight: it separates from a flight stage.

Usable The propellants loaded for a specified mission for
Propellants:

providing velocity changes. Mass Properties

Standard CM 018-001-1 Functional Code number 23

or equivalent,

10.1.3 Saturn IB Launch Vehicle Payload Requirements The Saturn IB

launch vehicle shall:

10.1.3.1 Vehicle Number 201

Be capable of meeting the requirements in the Apollo Program
Specification, Appendix AS-201 including:

a. Placing a spacecraft (CSM and Adapter) of 37,400 lbs
gross weight on a trajectory with a total energy of
-3.9 x 108ftz/secz, angular momentum of 4.9 x lollftz/
sec and with S-IVB cutoff occurring during ascending
flight at an altitude between 800,000 and 1,100,000 ft.

b, Carrying the control weight LES until 25 seconds (nom=-
inal) after the S-IB/S-IVB stage separation command.

¢. Orienting and stabilizing the spacecraft at its proper

attitude (to within S-IVB attitude control deadband

accuracy) prior to S-IVB/CSM separation.
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10.1.3.2 Vehicle Number 202

Be capable of meeting the requirements in the Apollo Program
Specification, Appendix AS-202 including:
a. Placing a spacecraft (CSM and Adapter) of 47,600 lbs
gross weight on a trajectory with a total energy of
-4,13 x 108ft2/secz, angular momentum of 4,7 x lollftz/
sec and with S-IVB cutoff occurring during ascending
flight at an altitude between 700,000 and 1,000,000 ft.
b. Carrying the control weight LES until 25 seconds (nom-
inal) after the S-IB/S-IVB stage separation command.

10.1.3.3 Vehicle Number 20

Be capable of meeting the requirements in the Apollo Program
Specification, Appendix AS-203 including:
a. Injecting the S-IVB containing 19,410 pounds of LH2
into a 100 nautical mile circular Earth orbit.
b. Orienting and stabilizing in Earth orbit.

10.1,.3.4 Vehicle Number 204

Be capable of meeting the requirements in the Apollo Program
Specification, Appendix AS-204 including:
a. Injecting the guaranteed payload into an elliptical Earth
orbit of 85/130 nautical miles.
b. Carrying the control weight LES until 25 seconds (nom-
inal) after the S-IB/S-IVB stage separation command.
c. Stabilizing the space vehicle in Earth orbit.
10.1.3.5 Vehicle Number 205
Be capable of meeting the requirements in the Apollo Program
Specification, Appendix AS-205 including:
a. Injecting the guaranteed payload into an elliptical Earth

orbit of 85/130 nautical miles.
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b. Carrying the control weight LES until 25 seconds (nom-
inal) after the S-IB/S-IVB stage separation command.

c. Stabilizing the space vehicle in Earth orbit.

10.1.3.6 Vehicle Number 206
Be capable of meeting the requirements in the Apollo Program
Specification, Appendix AS-206 including:

a. Injecting the guaranteed payload into an elliptical Earth
orbit of 85/120 nautical miles.

b. Carrying a Boilerplate CSM and LES of 8,580 pounds
until 25 seconds (nominal) after the S-IB/S-IVB stage
separation command.

c. Stabilizing the space vehicle in Earth orbit,

10,1.3.7 Vehicles Number 207 through 212

Be capable of meeting the requirements in the Apollo Program

Specification, Appendices AS-207 through AS-212 including:

a. Injecting the guaranteed payload into an elliptical Earth
orbit of 81/107 nautical miles.

b, Carrying the control weight LES until 25 seconds (nom-
inal) after the S-IB/S-IVB stage separation command.

c. Stabilizing the space vehicle in Earth orbit.

10.1.4 Saturn V Launch Vehicle Payload Requirements

10.1.4.1 The Saturn V launch vehicle shall be capable of meeting the
requirements in the Apollo Program Specification, Section 3.4 including:
a. Injecting the guaranteed payload into a translunar tra-
jectory of total energy -8.05 x 106ft2/sec2 (a nominal
72 hour translunar trajectory with the Moon at the mean
Earth-Moon distance) after inserting into a 105 nautical

mile circular Earth parking orbit.
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Providing an additional 260 fps to accommodate:
(1) any free return trajectory, and

(2) injection into a lunar transfer trajectory on either
of two successive Earth orbits.

Carrying the control weight LES until 36 seconds (nom-
inal) after S-IC outboard engine cutoff.

Launching over the extremes of launch azimuth specified.
Maneuvering in Earth orbit.

Stabilizing during transposition and docking.
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1.0 Scope This appendix to the Apollo Program Specification identi-

fies the performance, design and test requirements which apply to
the Program elements to be utilized for Apollo Saturn Mission 201 (AS-
201). These requirements are presented in this appendix as deviations
to the requirements specified for equipment for the lunar landing mission
and the operational version of the Saturn IB launch vehicle and facilities.
Unless otherwise noted, the paragraphs in this appendix replace in their
entirety the identically numbered paragraphs in the body of the specifi-
cation. THTS LPPEEDTY TS INCLUDED

PO BECORD PURPOSES. IT

MTWTIT THAMo m*r"'l n TN
( ) DL isiuv i Liklia UG}JFIGTTRPLTIO}I

1.1 Applicability No change. 1 OF A5-201 AS FLOWH ON
FEBRUARY 26, 1966.

1.2 Change Approval No change,

2.0 Applicable Documents No change.

3.0 Requirements

3.1 Performance

3.1.1 Characteristics

3.1.1.1 General Add: To the extent practicable, the hardware used
on AS-201 shall be of the same design as the operational

version,

(1) The phrase "no change" is used after a section heading throughout
this appendix to mean that the requirement in the body of the specifica-
tion applies to this mission without change.
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3.1.1.2 Mission Performance

3.1.1.2.1 Mission Mode This Apollo test mission shall be performed

using a non-orbital supercircular entry trajectory, For this
mission the spacecraft, which includes an unmanned CM and an SM,
shall be launched from the Cape Kennedy launch area (LC 34) into the
desired trajectory by a Saturn IB launch vehicle consisting of an S-IB
first stage, an S-IVB (Saturn IB version) second stage and an IU. The
S-IVB/1U will orient the CSM to the proper attitude prior to separation.
After CSM separation, the spacecraft propulsion system shall be used
to achieve desired entry conditions for a high heat rate test., The CM
shall be slowed to a safe landing by aerodynamic braking after separation
of the SM, and, during the final phases of the landing sequence, by
parachute.

3.1.1.2.2 Mission Command A Mission Control Programmer shall be

provided on board the CM to provide all spacecraft com-
mands necessary for accomplishment of the mission, The Mission
Control Programmer shall be capable of receiving signals from ground-
based personnel as a backup. The MSFN, including ETR stations, shall
be used for communications with the space vehicle and for tracking of
the space vehicle (those stages of the launch vehicle and those modules
of the spacecraft not jettisoned at the particular point in the mission).
3.1.1.2.3 Payload The payload for this mission shall include a CM

with a heat shield to be tested under high heat rate entry
conditions. The objectives of this mission shall be as identified in
Apollo Flight Mission Assignments, M-D MA 500-11,
3.1.1.2.4 Earth Launch Launch capability shall be provided to permit

an initial flight azimuth of 105°,
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3.1.1.2.5 Earth Parking Orbit Not applicable, (N/A). (1)

3.1.1.2.6 Injection Opportunities N/A.,
3.1.1,2,7 Lunar Landing Accuracy N/A.

3.1.1.2.8 Lunar Exploration N/A.

3.1.1.2.,9 Earth Landing The normal Earth landing mode shall be on

water. The capability for water and land landing shall be
as specified in 3.5.1,24,

3.1.1.2.10 Recovery Delete reference to crew.,

3.1.2 Program Definition No change.

3.1.3 Operability
3.1.3.1 Logistics No change.
3.1.3.2 Safety No change.

3.1.3.3 Reliability The numerical reliability values for mission suc-
cess given in Table 3. 1-2 shall be used where applicable
for engineering design and as a standard for evaluating test results.
The probability of mission success for the S-IB stage shall be at least
0.95.
The preflight phase begins with the decision to start the
countdown for launch and ends with launch. The flight phase begins
with space vehicle liftoff from the launch pad and terminates with re-

covery of the CM.

(1) The phrase "not applicable" is used after a section heading through-
out this appendix to mean that the requirement in the body of the speci-
fication does not apply to this mission.




March 1, 1966 201-4

Apollo Saturn Mission 201

3.2 Program Standards

3.2.1 Natural Environment and Physical Standards No change.

3.2.2 Electromagnetic Interference No change.

3.2.3 Drawing No change.

3.2.4 Configuration Management No change.

3.2.5 Coordinate System Standards No change,

3.2.5 Coordinate System Standards No change,

3.3 Saturn IB Launch Vehicle

3.3.1 General The Saturn IB launch vehicle shall be composed of

two stages, S-IB and S-IVB (Saturn IB version), and an IU
(Saturn IB version). The control weights shall be as specified for
AS-201 in Table 10.1-1, Appendix 10,1, The launch vehicle shall
have the capability of orienting and stabilizing the spacecraft at its
proper attitude, prior to separation of the CSM from the S-IVB/IU and
the Spacecraft Adapter. In addition, the S-IVB stage and the IU shall
be capable of meeting the requirements of this specification under the
natural environment of terrestrial space as given in 3.0 of M-DE
8020.008B.
3.3.1.1 Payload The launch vehicle shall have the payload capa-

bility specified for AS-201 in Table 10,1-1, Appendix 10.1.

3.3.1.2 Standby Time The launch vehicle shall have the capability

to stand by in a loaded condition with propellant toppiflg for
six hours and still perform the mission.

3.3.1,3 Prelaunch Checkout No change.

3.3.1.4 In-Flight Performance Evaluation No change.
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3.3.1.5 Emergency Detection Subsystem No change except: The EDS

shall be an open-loop system. The EDS shall have the capa-
bility to shut down the launch vehicle engines upon ground command via
the spacecraft command system,

3.3.1.6 Instrumentation An instrumentation subsystem shall be pro-

vided in the launch vehicle to permit ground personnel to
evaluate launch vehicle performance.

3.3.1.7 Command Destruct No change.

3.3.1.8 Electrical Power No change,

3.3.2 Structure No change,
3.3.2.1 Prelaunch Environment No change.
3.3.2.2 Launch and Flight Environment The launch vehicle shall be

capable of being launched in the 90 percentile peak wind con-
ditions givenin2.3.2,3 of M~DE 8020,008B and associated wind shears
given in 2.3.2.4 of M-DE 8020.008B. The launch vehicle shall be
capable of flight in the 95 percentile quasi-steady state in-flight winds
given in 2.3.2.5 of M-DE 8020.008B. In addition, the vehicle shall be
capable of flight with 85 percent of the 99 percentile wind shears given
in 2,3.2.6 of M-DE 8020,008B, and with 85 percent of the quasi-square
wave gust given in 2.3.2.8 of M-DE 8020, 008B, both superimposed on
the 95 percentile quasi-steady state in-flight winds given in 2.3.2.5 of
M-~DE 8020,.008B.

3.3.3 Propulsion No change except:
The H-~1 engine thrust shall be 200,000% 6,000 pounds.
The J-2 engine shall provide a nominal vacuum specific impulse

of 422 seconds and a minimum vacuum specific impulse of 418 seconds.
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3.3.4 Launch Vehicle Guidance, Navigation and Control

3.3.4.1 General No change.
3.3.4.1.1 No change except:

(b) N/A.

(c) Be capable of guiding the space vehicle into a super-
circular lob-type trajectory.

(e) Include a means for checkout of the launch vehicle
guidance, navigation and control system on the launch
pad.

3.3.4.1.2 N/A.

3.3.5 Saturn IB Launch Vehicle Communications and Tracking

3.3.5.1 General No change.

3.3.5.2 Functional Capability Delete the 4.5-hour operation require-

ment for all telemetry, tracking aid and up-data subsystems
and replace with the requirement that these subsystems shall operate
continuously from liftoff to Earth impact,

3.3.5.3 Coverage Capability The Saturn IB Communication and Track-

ing System shall be able to operate with the MSFN to achieve
the coverage specified in Table 3.7-4 (201) of this appendix.
3.3.5.4 Performance The Saturn IB Communication and Tracking
System shall meet the requirements specified in Table 3.3-1

(201) of this appendix.
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3.4 Saturn V Launch Vehicle N/A.

3.5 Spacecraft

3.5.1 General The spacecraft shall be composed of a CM, SM, LES
and an Adapter. The spacecraft shall be designed to be mated
to a Saturn IB launch vehicle.

Spacecraft control weights shall be as specified for AS-201 in
Table 10.1-3, Appendix 10.1.

An instrumentation subsystem shall be provided in the space-
craft which shall permit ground personnel to monitor and evaluate space-
craft performance. An onboard Mission Control Programmer shall provide
primary spacecraft control.

No equipment or components critical to the completion of the
mission shall be dependent on the cabin atmosphere for electrical in-
sulation or thermal conditioning., Only those materials which do not
present a fire hazard or emit harmful quantities of atmospheric contam-
inants when exposed to an oxygen enriched, low pressure environment
shall be used in the pressurized inner structural envelope of the CM.
3.5.1.1 through 3.5.1.3 No change.
3.5.1.4 Standby Time The spacecraft shall have the capability to

stand by in a loaded condition, after launch vehicle pro-
pellant loading, for 6 hours and still perform the mission.

3.5.1.5 Launch and Flight Environment The spacecraft shall be capable

of being launched in the 90 percentile peak surfacewind condi-
tions given in 2,3.2.3 of M-DE 8020.008B and associated wind shears
given in 2.3.2.4 of M-DE 8020,008B. The spacecraft shall be capable
of flight in the 95 percentile quasi-steady state in-flight winds given in

2.3.2.5 of M-DE 8020.008B. In addition, the spacecraft shall be
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capable of flight with 85 percent of the 99 percentile wind shears given

in 2.3.2.6 of M-DE 8020.008B, and with 85 percent of the quasi-square
wave gust given in 2,.3.2,.8 of M-DE 8020.008B, both superimposed on

the 95 percentile quasi-steady state in-flight winds given in 2.3.2.5

of M-DE 8020.008B.

3.5.1.6 Terrestrial Space Environment The spacecraft shall be

capable of operating in the terrestrial space environment as
given in Section 3 of M-DE 8020.008B.
3.5.,1.7 through 3.5.1.17 N/A,
3.5.1.18 Sterilization No change.
3.5.1.19 through 3.5.1.21 N/A.
3.5.1.22 Entry The CM shall be capable of entry into the Earth's
atmosphere to a preselected impact area. This shall be
possible for inertial entry velocities up to 29,000 fps at a flight path
angle of —8.80.

3.5.1.23 Aerodynamic Characteristics The CM shall be ballasted into

an offset cg configuration which will produce a lift-to-drag
ratio of .34 + .04 at Mach 6. The direction of the lift vector shall be
controllable through the use of the attitude control subsystem.
3.5.1.24 Landing No change.
3.5.1.25 Postlanding The CM shall be capable of floating for seven
days under condition given in 2.8 of M~DE 8020.008B.
3.5.1.26 Recovery The CM shall be equipped with recovery aids to
assist recovery forces in locating it and in effecting re-

covery of the vehicle.
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3.5.2 Command and Service Module

3.5.2.1

3.5.2.1.1
3.5.2.1.2
3.5.2.1.3
3.5.2.1.4
3.5.2.1.5
3.5.2.1.6
3.5.2.2

3.5.2.2.1

Structure

Cabin Space N/A. See 3.1.1.1(AS-201).

Windows N/A. See 3,1.1,1 (AS-201).
Ingress and Egress N/A. See 3.1.1.1 (AS-201).

Docking N/A.

Thermal Requirements No change.

Extravehicular Mobility Unit (EMU) Storage N/A.

CSM Propulsion

General Thrust, specific impulse, minimum impulse and

propellants for CSM propulsion subsystems shall be as

specified in Table 3.5-1 except that SPS thrust shall be 21,500 + 215

pounds, SPS nominal vacuum specific impulse shall be 311.2 seconds

and SPS minimum vacuum specific impulse shall be 307.6 seconds. The

service life of propulsion subsystems after pre-mission testing shall

allow the engines to be fired for sufficient time to deplete propellants

available when all propellant tanks are loaded to the maximum capacity.

3.5.2.2.2

3.5.2.2.3

3.5.2.2.4

3.5.2.3
3.5.2.3.1

Command Module Reaction Control Subsystem No change

except delete provision for dumping unburned propellant,

Service Module Reaction Control Subsystem No change

except delete reference to LEM.,

Service Module Propulsion Subsystem The SPS shall provide

thrust for translational maneuvers of the CSM.

CSM Communications and Tracking

General The CSM Communication and Tracking System shall

provide the following capabilities:

(a) Simulated voice communications.

(b) Telemetry transmission.
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(c) Tracking aid.
(d) Up-data reception.
(e) Recovery beacon transmission,

3.5.2.3.2 Functional Capability

3.5.2.3.2.1 Voice Communications A single-frequency tone shall be

used to simulate voice communication from:
(a) The CSM to the MSFN.
(b) The CSM to the launch complex prior to liftoff.
(c) The CM to the recovery forces.
3.5.2.3.2.2 Telemetry The telemetry subsystem shall be able to:
(a) Transmit operational data from the CSM to the MSFN,
(b) Transmit the data required for postflight analysis.
(c) Operate continuously from liftoff to Earth impact.
3.5.2.3.2,3 Tracking Aid The tracking aid subsystem shall enable
the MSFN to track the CSM.
3.5.2.3.2.4 Up-Data The up-data subsystem shall be able to:

(a) Receive data from the MSFN.
(b) Supply up-data verification signals to the MSFN via the CSM
telemetry subsystem,
3.5.2.3.2.5 Television N/A.

3.5.2.3.2.6 Recovery Beacon Continuous beacon operation from the

CM shall be provided for at least 24 hours after touch-
down,
3.5.2.3.3 Coverage Capability
3.5.2.3.3.1 CSM-MSFN The CSM Communication and Tracking Sys-

tem shall be able to operate with the MSFN to achieve
the coverage specified in Table 3,7~-1 (201) of this appendix.
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3.5.2.3.3.2 CSM-LEM N/A.

3.5.2.3.3.3 CSM-EVA N/A,

3.5.2.3.4 Performance The CSM Communication and Tracking System
shall meet the requirements specified in Table 3.5-2A (201)

of this appendix.

3.5.2.4 Electrical Power Subsystem

3.5.2.4.1 General The CSM EPS shall generate and distribute all of

the electrical power required by the CSM during all phases
of the flight plus 24 hours of the postlanding recovery period. The
source of electrical power shall be batteries both during flight and
during the postlanding period.
3.5.2.4.2 Capacity The EPS shall utilize three entry and postlanding
batteries and three main bus batteries. Each battery shall
‘ have a minimum capacity of 40 amp-hrs.
3.5.2.4.3 and 3.5.2.4.4 N/A,
3.5.2.4.5 and 3.5.2.4.6 No change.
3.5.2.5 Integrated Navigation, Guidance and Control System Sec-

tion 3.5.2.5 in the body of the specification is replaced in
its entirety by the following requirements.
3.5.2.5.1 General The CM Stabilization and Control System (SCS),
utilizing commands from the Mission Control Programmer,
shall provide the capability for returning the CM to Earth, The SCS
shall provide this capability independent of data or commands from the
MSFN.
3.5.2.5.1.1 The principal elements of the SCS shall be gyroscopes
and an accelerometer rigidly mounted to the CM struc-
ture, control electronics and the displays and controls that would nor-

mally be needed for crew operation,

' 209-774 O - 66 ~ 8
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3,5.2.5.1.2 The SCS shall function automatically once initiated.
3.5.2.6 Display and Control Subsystem N/A.

3.5.2.7 Environmental Control Subsystem The CSM shall be equipped

with a nonregenerative ECS which shall provide a conditioned
atmosphere and thermal control for the pressurized inner structural
envelope. The ECS shall also provide thermal control of equipment
where needed.

3.5.2.7.1 Atmospheric Supply The CM crew compartment shall be

supplied with pure oxygen, Referenced to 7OOF dry bulb,
the partial pressure of oxygen shall not be less than 180 mm Hg and,
after the boost phase, shall not exceed 300 mm Hg. Stored oxygen
shall be provided in the CM for use in the event that the initial cabin
pressurization is depleted during the flight.

3.5.2.7.1.1 Atmospheric Control No change except delete reference

to crew.
3.5.2.7.2 Water Management N/A.
3.5.2.7.3 EMU Support N/A.
3.5.2.8 Crew Equipment N/A,

3.5.3 Lunar Excursion Module N/A.

3.5.4 Launch Escape System

3.5.4.1 The LES shall be capable of removing the CM from a malfunc-
tioning space vehicle without exceeding the structural limit

of the CM/LES. It shall provide terminal conditions for the CM which

permit safe entry into the lower atmosphere and deployment of the Earth

Landing System (ELS).
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3.5.4.2 The LES shall provide abort capability from before liftoff until
shortly after second stage ignition when the LES shall be

jettisoned. The LES shall be capable of separating from the space

vehicle during a normal mission without degrading space vehicle per-

formance.

3.5.4.3 There shall be no provision for automatic initiation of the LES

in the abort mode.

3.5.5 Adapter

3.5.5.1 General The Adapter shall structurally and functionally
adapt the spacecraft to the launch vehicle. A tie-bar shall

be added to the Adapter. This tie-bar shall simulate the LEM's contri-

bution to the structural integrity of the Adapter.

3.5.5.2 Access The Adapter shall be designed to provide access to
its interior during the prelaunch phase.

3.5.5.3 Deployment The Adapter shall be designed to permit normal
CSM/Adapter separation and shall not interfere with launch

vehicle or spacecraft communications.

3.5.6  Extravehicular Mobility Unit N/A.

3.5.7 Scientific Payload N/A.

3.5.8 Flight Crew Training Equipment N/A,

3.6 Launch Area Only the requirements which are identified With
I1C 34 and the Direct Launch Support Facilities are applicable with

the following exceptions:

3.6.3 Support of manned Apollo Saturn IB space vehicle operations

shall not be a requirement for this mission. The capability
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shall be provided to continue those services and operations necessary
to support a launch hold of up to 6 hours occurring after completion of
propellant loading.

3.6.3.3 (f) N/A,

3.6.5.1 (e) Monitoring astronaut performance shall not be a require-

ment for this mission.

3.7 Manned Space Flight Network

3.7.1 General No change.

3.7.2 Capability

3.7.2.1 Voice Communications The voice communications subsystem

shall enable:
(a) Simulated voice communications between the CSM and the MCC., .
(b) Duplex, 4-wire voice communications between MSFN stations
and the MCC.
3.7.2.2 Telemetry The telemetry subsystem shall be able to receive:
(a) Operational data from the CSM.
(b) Operational data from each stage of the launch vehicle and the
IU simultaneously with (a).
(c) Engineering data from the space vehicle simultaneously with
(a) and (b).
3.7.2.3 Tracking The tracking subsystem shall be able to:
(a) Track in angle and range the radar transponders in the IU and,
CSM during flight.
(b) Track the transponders in the launch vehicle in angle, range

and range rate during the launch phase.
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(c) "Skin" track the CM during entry.
(d) Provide sampled tracking data for transmission to the MCC and,
where required, for on-site computation.
3.7.2.4 Digital Command Communications No change.

3.7.2.5 Television N/A.

3.7.2.6 Display and Control The LEM reference is not applicable.

3.7.2,7 Data Processing No change.

3.7.3 Coverage The MSFN station in the launch area shall be able
to support the prelaunch checkout of the space vehicle on the
launch pad.
The MSFN shall provide the coverage capabilities for:
(@) The CSM as specified in Table 3.7-1 (201) of this appendix.
(b) The Saturn IB launch vehicle as specified in Table 3.7-4 (201)

of this appendix.

3.7.4 Performance The MSFN shall operate with the space vehicle
subsystems as specified in 3.3.5 and 3.5.2.3 of this appen-
dix.

During the launch phase, the MSFN, in conjunction with ETR
and launch area instrumentation, shall provide the tracking dafa needed
to satisfy requirements for flight control, range safety and engineering
data,

The part of the MSFN using equipment operating in C-Band
shall provide angular and range data to the maximum design range of
that equipment. The errors in the data due to noise shall not exceed
1.0 milliradian for angular measurements or 60 feet for range measure-
ments (one standard deviation values - the errors due to noise are, by

definition, Gaussian distributed with zero mean)., Bias errors in these
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measurements shall not exceed twice the value of the errors due to

noise,

3.8 Mission Control Center No change except delete 3.8.1 (d).

4,0 Quality Assurance No change.
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APPENDIX 201
TABLE3.3- 1
SATURN 1B LAUNCH VEHICLE COMMUNICATION AND TRACKING REQUIREMENTS
APOLLO-SATURN 201

STAGE EQUIPMENT NUMBER OPERATING FREQUENCY
ANTENNA SUBSYSTEM MODULATION CHARACTERISTICS REMARKS
IMPLEMENTATION OF UNITS
SUBSYSTEM TRANSMIT RECEIVE
S-18 @ SEE NOTES 1, 2 AND 3
TELEMETRY PCM/FM TELEMETER ONE 225-260 Mc OMN 1-DIRECT FONAL PCM/FM o PCH 51T RATE STALL BE 72 KIL0TITS/SECOND

@ SEE HOTES | AND %

MULTIPLEXED WITH QUTPUT

FM/FM TELEMETER ONE 225-260 Mc OF S-1B PCM/FM TELSMETER FM/FM L PAM/FM/FM MODULATION UTILIZED DURING R & D FLIGHT
04R,

/ / / / / / / /’HUL{PLEXE/DNITH/OUYPU{ / /// 7/////
”WFM/FN TELEMETER OME 225 250 Mc ,OF S-18 PCM/FNK TELEMETER] PAN/FH/FV [@ SEE NOTES | AND 4
/ / / AL // YAy / / A/ /

® THIS SYSTEM SHALL BE COMPATIBLE WiTH RANGE SAFETY COMMAND

COMMAND DESTRUCT RECEIVER AND DECODER ™ 400-450 Mc OMNI-DIRECT|ONAL TRANSMITTERS INSTALLED AT STATIONS OF THE ETR,
TRACKING 0NOP TRANSPONDER ONE UHF UHF FIXED DIRECTIONAL
—t
S-1ve @ SEE NOTES 1. 2 AND 3
PCM/FM TELEMETER ONE 225-260 M OMN 1D I RECT10NAL PCM/FM
TELEMETRY / © / @ PCM BIT RATE SHALL ®E 72 KILOBITS/SECOND

‘%/FM/TELE“{ER / OHE/ 226 250 Mc // “UL"/PLEXEI)/WlTéUTPU{ / FW/ .S/E/'COTES | AND 'l/// // /
OF S-1VB PCM/FM TELEMETER .PA"/FH/FM MODULATION UTILIZES DURING R & O FLIGHT
v //////4 //// ///§ - / 77 4 "}m///’ bl
i) //// ;/// e / ; wind o 2
/ SS//F" TEL;‘EYER ///015 // 22;250 He /// SEE NOTE 5 //// /S/FM ///.SEE NOTE I‘////////

Q PATIBLE WITH RANGE SAFETY
RECEIVER AND DECODER ™0 400-450 Mc OMN1-DIRECTIONAL T L D A s s o TRECSAFETY. COMMAND

COMMAND DESTRUCT

@ SEE NOTES |, 2 AND 3

INSTRUMENT UNIT

TELEMETRY PCM/FW TELEMETER ONE 225-260 Mc OMN1-DIRECTIONAL PCM/FM © PCH BIT RATE SHALL BE 72 K}LOBITS/SECOND
@8(T STREAM SHALL CONTAIN ALL S-1VB/IU MISSION COMTROL NATA

. . . \ X W\} A ossz uom’l\zﬁa/ >< /N /
PCM/PM TELEMETER one 2100-2300 Mc PONITM OPCN BIT RATE SWALL uz 72 KILOIITS’SECOI
/\‘< )\ >< BIT STREAM SHALL BE 1DENT ICAL WiTH 1U VHE PCM/FM TELEMETER
@ SEE NOTES | AND 4
MULTIPLEXED WITH OUTPUT
FM/FM TELEMETER ONE 225-260 Mc OF (U VNF PCM/FM TELEMETER FN/FM
/ aavd AN LY uu{rmzxzn WITH ourPur / e
PAM/FM/FM TELEMETER ONE /zzs-my oF 1u qu mlru TELM,“ PAH/FM/FM /.sEE NOTES | AHD Y
/ A v ¥/ 4w
/ / / / /7 furiflexes vim ourrur /
sslrn TELENETE / ONE / 225-260 Mc / OF (U VHF. PCM/EM TELEMETER / SS/FM oszz nors 4 /
//\ Z L L A Z N
P- DATA RECEIVER & MECODER ORE 400-450 Mc \’ /)4\n|-u|u£cnom , PSK’FM o i::c:::: :-{}WIDS “\? msls:conn/\/\
/ 7S 7/ 7V /7 / /S / @ THIS SYSTEM SHALL BE COMPATIBLE WITH RANGE
COMMAND DESTRUCT SAFE
RECE{VER AND DECODER ONE, 400-450 Mc OMK1-D IRECT 1 ONAL / SAFETY COMMAND TRAISN!TTERS IISTALLED AT
(EXPER|MENTAU / / / / L / / / / STATIONS OF THE ETR.
A / / A ® PASSENGER TEST SA-201 om.v
C-BAND @ UTILIZES CODING DIFFERENT FROM C-BAND RADAR TRANSPONDERS
TRACKING RADAR TRAMSPONDER ONE C-BAND C-BAND OMN1-D{RECTIONAL PULSE OM SPACECRAFT
AZUSA TRANSPONDER 3 C-RAMD C-RAND OMN1-DIRECTIONAL M
¥ X N> X X N N \ N
’I§L<EV§I(0 TELEvmou TRAI!SMITTE OME
NOTES: 3/1/66
| THIS TELEMETRY SUBSYSTEM SHALL BE 3. THIS PCM TELEMETRY SURSYSTEM SHALL 5. UP TO % VYHF STAGE TELEMETERS SHALL 8E
COMPATIBLE WITH THE INTER RANGE BE CAPABLE OF TRANSMITTIKG THE PCM MULTIPLEXED OF A COMMON ANTENNA SUB-
INSTRUMENTATION GROUP STANDARDS BIT STREAM REQUIRED FOR REAL-TIME USE SYSTEM. WHEN MORE THAN ¥ VHF STAGE EQUIPMENT/FUNCT{ ON
(1RIG DOCUMENT NO. 106-60. VIA COAXIAL CASLE TO THE CEECKOUT TELEMETERS ARE CARRIED, A SECOND
FTELEMETRY STANDARDS REVISED 1962") FACILITY PRIOR TO LIFT-OFF AND VIA OMN1-DIRECT |ONAL ANTENNA SUBSYSTEM CODING
AN RF LINK PRIOR TO AND AFTER LIFT-GFF. SHALL BE PROVIDED. ™S OPERAT ONAL
FLIGHT VEHICLE
2. ALL PCNGTELD'TS.T:; SUBSYSTEMS SHALL 4, THIS TELEMETRY SUBSYSTEM sunk 6. NOT PRESENTLY SCHEDULED FOR OPERATIONAL
BE_DESIGNED 0VIDE AN _ERROR TRANSMIT DATA REQUIRED ONLY FOR CLES. HOWEVER REQUIRED REQUIRED
TS PO FhiRcHIgIo0s 1O THE MoFH POST-HISSION AMALYSIS VIA AN RF 2:53?35:??3"3'&:5"&% TELEMETER SHALL ? e
LINK.
AS MEASURED FROM LAUNCH VEWICLE BE INCORPORATED ON ALL SATURN IB LAUNCH REQUIRED N / /
ENCODER TO EARTH-BASED DECODER. VEHICLES THROUGH AS-207.
NOT
7. THE UP-DATA SUBSYSTEM SHALL BE DESIGNED REQU1RED REQUIRED
1§ CONJUNCTION WITH STATIONS OF TD;E MSFN XoT NOT
SUCH THAT NO MORE THAN ONE CORREC m
MESSAGE SHALL BE REJECTED PER 1000 REQUIRED REQUIRED
CORREC‘.[ MESSAGES AND TMES'gM’A“L)fEBI““ ONE TAPLF 3,31
RECT MESSAG L .
PER 10° INCORREC APOLLO  SATURN 201

ACCEPTED,
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APPENDIX 201
TABLE 3,5-2A

CSM COMMUNICATIONS AND TRACKING REQUIREMENTS
APOLLO-SATURN 201

TRANSCEIVER #1

EQUI PMENT NUMBER OPERATING FREQUENCY
SUBSYSTEM |MPLEMENTATION oF ANTENNA SUBSYSTEM | MODULATION CHARACTERISTICS REMARKS
UNITS TRANSMIT RECEIVE
VOICE COMM{E\,’:: A,:40NS _ UNTFIED S-8AND svsf{\ \/\/\ @ SEE Tuﬁs—zs FOR azﬁms\/\/
LITH I A4 4 N
{SEE NOTE 1) @ ALTERNATE NEAR-EARTH VOICE COMMUNICATIONS CHANNEL VIA
SIMPLEX MODE OF OPERATION N
'@ PRINARY VOICE COMMUNICATIONS CHANNEL WITH LEM VIA SIMPLEX
MODE OF OPERATION
7 DSBAM TRANSHIT @ PRIMARY TRARSHITTER FOR DUPLEX VOICE COMMUNICATIONS
WITH MSEN VHF TRANSCEIVER #1 OME VHF vF OMI1=DFRECTIONAL e WITH EVA
DsaiReceTve] @ ALTERNATE BACK-UP FOR VOICE COMMUNICATIONS WITH EVA VIA
SIMPLEX MODE OF OPERATION
© ALTEAMATE VOICE COMMUNICATIONS CHANNEL WITH RECOVERY
FORCES VIA SIMPLEX MODE OF OPERATION V
F—— AT~
I /\ nsm m,.,.” Ourﬁu\zzn FOR VOICE nscz@n smuunon DURING
WITH MSEN VHE “TRANSCEIVER #2 WULTIPLEXED WITH R & D FLIGHT PROGRAW
1 / TRANSCEIVER 1) psm. gzcﬂvg T/sss "VOICE COMMUNICATIONS mm LEM"
N N A N
VNF TRAMSCEIVER #1 @ SEE "VOICE COMMUNICATIONS WITH MSFN"
/\ @ BACK-UP VOICE COMMUNICATIONS CHANNEL WITH LEM VIA SIMPLEX
MODE OF OPERATION
\ @ RECEIVES LEM PCM/ MM DATA A
0SB TRANSHIT @ PRIMARY RECEIVER FOR DUPLEX VOICE COMMUNICATIONS WITH EVA
VHF TRANSCEIVER #2 OXE VEF WF WULTIPLEXED WITH N ocglcééves EVA BIOMEDICAL om\slmumzousu WITH EVA

DSBAM RECEIVE

ALTERNATE BACK-UP FOR VOICE COMMUNICATIONS WITH EVA VIA
SIMPLEX MODE OF OPERATIONS

VHF TRANSCEIVER #1

h

© SEE "VOICE COMMUNICATIONS WITH MSFN"

4 N

YHF TRM@I 12

N

VAVAVA TN

——=

:WlTH RECOVERY FORCES
e

HF TRANSCEIVER HF L3

ONN1-DIRECTICNAL

8
AM, CW, $SB

@ ALSO PROYIDES BEACON MODE OF OPERATION FOR DF AFTER
LANDING

@ HF RECOVERY ANTENMA DEPLOYED AFTER LANDING

© OPERATES ONLY N BEACON MODE ON AS-201

| /\ . . /

IWITH RECOVERY FORCES SURVIVAL TRAMSCEIVER ONE
|
l

UTILIZES KITHER VHF L]
RECOVERY ANTENMA

O PART OF CREW SURVIVAL EQUIPMENT

@ BACK-UP FOR YHF VOICE COMMUNICATIONS WITH RECOVERY
FORCES .

@ BACK-UP FOR YHF RECOVERY SEACON

© OPERATES ONLY IN BEACON MODE ON AS-201
@ UTILIZES RECOVERY ANTENNA #2 OK AS-201

IWITH RECOVERY FORCES

VHF TRANSCE!IVER #1
V/

OMNI-DIRECTIGHAL
RECOYERY ANTENNA #2

® RECOVERY AITE!‘IA\DEPLOVED AT MAIN CHYTE DEPLOYMENT.
!SEE VO-I‘C;WIC{‘-ONS WITH ASFR"

@ NOT UTILIZED N THIS MODE OK AS-ZOI

KEYING COMMUNICATIONS |/

TO MS!

}m.m 2o svsv(\//\/

DVAVAYE AN AN
® SEESTABLE 3.5-28 FOR REQUIREMENTS
NN

MSFN

\: >< y ‘“/\ N\

[T

v
Pculryzmésn / 4 }:/ }5-'250 Ne ) // / / fkﬂ;kﬁi‘:’:‘g?"
(A

TELEMETRY | TO MSFN ZIn¥iED sBiwD SYgTen \/\ \/\/\/\/ A T £ —
- = AV N Va N
! / /S / ® SEE NOTES 2, 3, AND 57 /
|/To Ms PCH/FH ® SELECTABLE BIT RATES OF 51.2 KBS AND 1.6 KBS
F WRZ-C SERIAL BIT STREAM ® ALSO PROYIDES PLAYBACK OF RECORDED CSM PCM TELEMETRY
pan ) ® 51,2 KBS BIT RATE UTILIZED, ON AS-201 /
r z d 4 Y / / 4 i’ /z no/rno/uurm'gns
|, TO MSFN m M/ rzmcmn ™ 225.}9) e “:'5{,',;'5:’,‘52.",',{"/ J n}/mlm A TRANSMIT DATA REQUIRED ONLY FOR POST-FLIG LY
i
< AN Y X7 4 N 7
PCN/FM OR FH/FN © TRANSHITS DATA REQUIRED ONLY FOR POST-FLIGHT ANALYS)

® SEE WOTE3 /

'. -
| FROM LEM
|

YHF TRANSCEI VER ‘2

AVAVAN:]

SEE "YOICE COMMUNICATIONS wiTH LEM
® SEE NOTE U/
[ ] P'JM‘\I‘L RATE OF 1.6 KILDBITS/SECOID

\;ROM EVA

7/
VHF TRANSCEIVER 2
N/

NAVAY

SEE "VOICE COMMUI

IICATIONS WITH Lm'\/\/

<
<

TAPE PLAYBACK TO MSEN UNIFIED S-BAND SYST
N

AN
FANAV AV AVANAVAVAV T

3, 5-2! FOR REWIRENENTS\/

v 7

' 7
T0 MSFN A/m TELEMETER
/ Z

<

S S L

K
e

©® SEE T ETRY TO MSFK"

\;

/N

/UNIFIED S-BAND SYSTEM

TELEVIS|ON

\/ro MSFN

Q
<

}'SEE TALE 3/5} FOR REWIRB‘EI\A’
\< NS

v
AN AN AWAN VY

UP-DATA 7\ 4 N 7N\
DAT \/ROM MSFN NIFIED S-BAKD SYSTEM AN /se TABLE{;ZS FOR nsw@ms
| - / Vd UTILIZES ! o6k d |#” suBcoveD j-BIT WORDS AT 1000, ws/sscouo
| FROM MSFN aé:um MD DECODER 4 on “00-150 Me 4 TRANSCEIVER #1 '-‘yu f @ _ske woTE 6\ AN
/ / / } L/ IN-FLIGHT ANTEWNA v, 1 @ “roNE-SYsTER ON N A3-201 /
/ o /\ /\
TRACKING AI?\) MSFN unm\zo sin}mémc /\/ \/ V\//\/\A/ kss}nu 3.5-29\;;1 “W'RD'E"\T/\/\
—_— / / 7 / Vd 7
/ C-GAND um oNE SBAND C-BAND 01 -DIRECTIONAL PULSE ® UTILIZES CODING DIFFEREHT FROM LAUNCK VEH)CLE Am) LEM
' LO MSFN TRANSPORDER i / ] / / P C-3AND RADAR TRANSPONDERS /
AN 7 < 7 S 7 7N 7N A
TO LEM RENpEZVOUS shon /\ouz /\x-wo N oum-némol / el THREE-TONE RANGE CODE AND CORERENT CARRIER runu-nouflx
] TRAESPONDER ] v Vi N/ N
BEACON
10 RECOVERY FORCES RECOVERY SEACON OnE VHF aESieiRTIRECTIONA, " © RECOVERY ANTENKA DEPLOYED AT MAIN CHUTE DEPLOYMENT
TO RECOVERY FORCES HF TRAISCEIVER o @ SEE "VOICE COMMUNICATIONS WITH RECOVERY FORCES”
TO RECOVERY FORCES SURVIVAL TRANSCEIVER [} @ SEE "VOICE COMMUNICATIONS WITH MSFN"
NOTES: LEGEND
M T T v TIPSR S, Eomerne o
RhD 707 SOR DACRZ, TEONAINI CATIONS &S o R EATION SROUS' STANDARDS STREAM REQUIRED FOR REAL-TIME USE VIA
MEASURED BY U RSONNEL UNDER LII G DOCUMENT NO. 106-80, "TELEMETRY COAXIAL CABLE TO THE cuzcm* FCILITY
SIMULATED MDITIONS UTI- TANDARDS REVISED 1962° N THE MILK PRIOR TO LIFT-OFF ARD V1A 00ING
Fof N AUEHr OF MONOSTLLAGTE YoRo . THE_TELENETRY EN_SWALL BE DESISHED A4 RP LIRK PRIOK Y0 AUD AFTER LIFT-OFF. e B
muumum DATED MAY 25, 1960. o PRoVIDE . RaTe OT excEeDint e 8. :gJ ::::Dmu :gru;sgﬁz su:;; n: FLIGHT NISSION
P ES AND N
2. THE LMY E RO s MiSSKIRTHE S MEASURED FRoM LEM WORE T R 109 INCORRECT MESSAAES REQUIRED REQUIRED
OME G(T IN 105 BITS FOR TRANSMISSIONS T0 SHALL CEPTED.
THE MSFN AS MEASURED FORM CSM ENCODER TO 7. TRANSMITS SINGLE FREQUENCY TONE ON AS-201 ot
NSFN DECODER. o TRAKSHITS C¥ oW AS-201 REQUIRED REQUIRED
NOT
REQUIRED REQUIRED
0T 107
REQUIRED REQUIRED

TABLE 3.5-24
APOLLO-SATURN 201
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APPENDIX 201
TABLE 3.7-U
REQUIRED SATURN IB LAUNCH VEHICLE COVERAGE
APOLLO-SATURN 201

PHASE S-1B BURN S-1VB BURN Enongns-lva COAST
SUBSYSTEM +3 M?NUTES
VHF TELEMETRY
|
S-1B
4
7
v

S-1V8 ////j

EXPERIMENTAL COMMAND DESTRUCT

DO 5555 e

TRACKING

C-BAND

onop wp
w0

3/1/006
| COVERAGE SHALL CONTINUE FOR AT 2 CONTINUOUS COVERAGE UNTIL THE 3 TWO LAUNCH VEHICLE TRANSPONDERS
LEAST ONE MINUTE AFTER THE END PREDICTED IMPACT POINT OF THE SHALL BE TRACKED CONTINUOUSLY
OF BURN. VEHICLE 1S OUTSIDE AREAS TO SATISFY RANGE SAFETY REQUIREMENTS,

SPECIFIED BY RANGE SAFETY,
€222  PARTIAL COVERAGE

‘£33 CONTINUOUS COVERAGE
T  NOT REQUIRED

TABLE 3.7-4
APOLLO-SATURN 201
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202-1 March 1, 1966

Apollo Saturn Mission 202

Scope This appendix to the Apollo Program Specification identi~

fies the performance, design and test requirements which apply
to the Program elements to be utilized for Apollo Saturn Mission
202 (AS-202). These requirements are presented in this appendix
as deviations to the requirements specified for equipment for the
lunar landing mission and the operational version of the Saturn IB
launch vehicle and facilities. Unless otherwise noted, the para-
graphs in this appendix replace in their entirety the identically

numbered paragraphs in the body of the specification.

Applicability No change. 1

Change Approval No change.

Applicable Documents No change.

Requirements

Performance

Characteristics

3.1.1.1 General Add: To the extent practicable, the hardware used

on AS-202 shall be of the same design as the operational

version.,

(1) The phrase "no change” is used after a section heading throughout
this appendix to mean that the requirement in the body of the specifica-
tion applies to this mission without change.
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3.1.1.2 Mission Performance

3.1.1.2.1 Mission Mode This Apollo test mission shall be performed

using a non-orbital supercircular entry trajectory. For this
mission the spacecraft, which includes an unmanned CM and an SM,
shall be launched from the Cape Kennedy launch area (LC 34) into the
desired trajectory by a Saturn IB launch vehicle consisting of an S-IB
first stage, an S-IVB (Saturn IB version) second stage and an IU. After
CSM separation from the launch vehicle-spacecraft Adapter, the space-
craft propulsion and guidance systems shall be used to achieve desired
entry conditions for @ high heat load. The CM shall be slowed to a safe
landing by aerodynamic brakihg after separation of the SM, and during
the final phases of the landing sequence by parachute.

3.1.1.2.2 Mission Command A Mission Control Programmer shall be

provided on board the CM which, in conjunction with the
CM guidance computer, shall provide all spacecraft commands neces-
sary for accomplishment of the mission. The Mission Control Programmer
shall be capable, independent of the CM guidance computer, of receiving
signals from ground-based personnel as a backup. The MSFN, including
ETR stations, shall be used for communications with the space vehicle
and for tracking the space vehicle (those stages of the launch vehicle
and those modules of the spacecraft not jettisoned at the particular
point in the mission).
3.1.1.2.3 Payload The payload for this mission shall includea CM
with a heat shield to be tested under high heat load entry
conditions. The objectives of this mission shall be as identified in
Apollo Flight Mission Assignments, M-D MA 500-11.
3.1.1.2.4 Earth Launch Launchcapability shall be provided to permi{

an initial flight azimuth of 105°.
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3.1.1.2.5 Earth Parking Orbit Not applicable (N/A) .(2)

3.1.1.2.6 Injection Opportunities N/A.

3.1,1.2,7 Lunar Landing Accuracy N/A.

3.1.1.2.8 Lunar Exploration N/A.

3.1.1.2.9 Earth Landing The normal Earth landing mode shall be on

water. The capability for water and land landing shall be
as specified in 3.5,1, 24.

3.1.1.2.10 Recovery Delete reference to crew.

3.1.2 Program Definition No change.

3.1.3 Operability
3.1.3.1 Logistics No change,
3.1.3.2 S_af_g:z No change.
3.1.3.3 Reliability The numerical reliability values for mission
success given in Table 3.1-2 shall be used where applicable
for engineering design and as a standard for evaluating test results.
The probability of mission success for the S-IB stage shall be at least
0.95.
The preflight phase begins with the decision to start the
countdown for launch and ends with launch. The flight phase begins
with space vehicle liftoff from the launch pad and terminates with re-

covery of the CM.

(2) The phrase "not applicable” is used after a section heading through-
out this appendix to mean that the requirement in the body of the speci-
fication does not apply to this mission,
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3.2 Program Standards No change.

3.3 Saturn IB Launch Vehicle

3.3.1 General The Saturn IB launch vehicle shall be composed of two
stages, S-IB and S-IVB (Saturn IB version) and an IU (Saturn IB

version). The control weights shall be as specified for AS-202 in Table

10.1-1, Appendix 10.1. The launch vehicle shall have the capability

of orienting and stabilizing the spacecraft at its proper attitude prior to

separation of the CSM from the S-IVB/IU and the Spacecraft Adapter.

In addition, the S-IVB and the IU shall be capable of meeting the re-

quirements of this specification under the natural environment of

terrestrial space as given in 3.0 of M~-DE 8020, 008B.

3.3.1.1 Payload The launch vehicle shall have the payload capa-

bility specified for AS-202 in Table 10.1-1, Appendix 10.1.
3.3.1.2 Standby Time No change.
3.3.1.3 Prelaunch Checkout No change.

3.3.1.4 In-Flight Performance Evaluation No change.

3.3.1.5 Emergency Detection Subsystem No change.

3.3.1.6 Instrumentation An instrumentation subsystem shall be pro-

vided in the launch vehicle to permit ground personnel to
evaluate launch vehicle performance.

3.3.1.7 Command Destruct No change.

3.3.1.8 Electrical Power No change.

3.3.2 Structure No change.

3.3.2.1 Prelaunch Environment No change.

3.3.2.2 Launch and Flight Environment The launch vehicle shall be capa-

ble of being launched in the 90 percentile peak surface wind con-

ditions givenin2.3.,2,30f M-DE8020.008B and associated wind shears given .
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in 2,3.2.4 of M-DE 8020.008B. The launch vehicle shall be capable of
flight in the 95 percentile quasi-steady state in-flight winds given in
2,3.2.5 of M-DE 8020.008B. In addition, the vehicle shall be capable
of flight with 85 percent of the 99 percentile wind shears given in
2.3.2.6 of M-DE 8020,008B, and with 85 percent of the quasi-square
wave gust given in 2.3.2.8 of M-DE 8020.008B, both superimposed on
the 95 percentile quasi-steady state in-flight winds given in 2.3,2,5 of
M-DE 8020.008B.

3.3.3 Propulsion No change except:
The H-1 engine thrust shall be 200,000 6,000 pounds,
The J-2 engine shall provide a nominal vacuum specific impulse

of 422 seconds and a minimum vacuum specific impulse of 418 seconds.

3.3.4 Launch Vehicle Guidance, Navigation and Control No change

except:
3.3.4.1.1 (b) N/A.
3.3.4.1.1 (c) Be capable of guiding the space vehicle into a super-
circular lob-type trajectory.
3.3.4.1.1 (e) Include a means for checkout of the launch vehicle guid-
ance, navigation and control system on the launch pad.

3.3.4.1.2 N/A.

3.3.5 Saturn IB Launch Vehicle Communications and Tracking

3.3.5.1 General The Communication and Tracking System of the
Saturn IB launch vehicle shall have the following capabilities:
(@) Telemetry transmission.

(b) Tracking aid.
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(c) Command-destruct data reception.
(d) Television transmission.,

3.3.5.2 Functional Capability Delete the 4.5 hour operating require-

ment for all telemetry and tracking aid subsystems. Replace
with the requirement that these systems shall operate continuously from
liftoff to Earth impact. Delete the requirement for the up-data subsys-
tem (3.3.5.2.3). Add the following paragraph:
3.3.5.2.5 Television The television subsystem in the IU shall be

capable of providing television transmission of the deploy-

ment of the Adapter panels to suitably equipped stations of the MSFN
within line-of-sight of the IU.

3.3.5.3 Coverage Capability The Saturn IB Communication and Track-

ing System shall be able to operate with the MSFN to achieve
the coverage specified in Table 3.7-4 (202) of this appendix.
3.3.5.4 Performance The Saturn IB Communication and Tracking Sys-
tem shall meet the requirements specified in Table 3.3-1 (202)

of this appendix.

3.4 Saturn V Launch Vehicle N/A.

3.5 Spacecraft

3.5.1 General The spacecraft shall be composed of a CM, SM, LES

and an Adapter. The spacecraft shall be designed to be mated
to a Saturn IB launch vehicle.

_ Spacecraft control weights shall be as specified for AS-202 in
Table 10,1-3, Appendix 10.1.

An instrumentation subsystem shall be provided in the space-

craft which shall permit ground personnel to monitor and evaluate
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spacecraft performance. The spacecraft shall be capable of utilizing
data from Earth-based tracking and computing facilities in conjunction
with onboard computations.

No equipmént or components critical to the completion of the
mission shall be dependent on the cabin atmosphere for electrical insula-
tion or thermal conditioning. Only those materials which do not present
a fire hazard or emit harmful quantities of atmospheric contaminants when
exposed to an oxygen-enriched, low-pressure environment shall be used
in the pressurized inner structural envelope of the CM.
3.5.1.1 through 3.5.1.3 No change.
3.5.1.4 Standby Time The spacecraft shall have the capability to.

stand by in a loaded condition, after launch vehicle pro-
prellant loading, for 10 hours and still perform the mission.

3.5.1.5 Launch and Flight Environment The spacecraft shall be capable

of being launched in the 90 percentile peak surface wind conditions
given in 2.3.2.3 of M-DE 8020.008B and associated wind shears given
in 2.3.2.4 of M-DE 8020.008B. The spacecraft shall be capable of
flight in the 95 percentile quasi~steady state in-flight winds given in
2.3.2.5 of M=DE 8020.008B. In addition, the spacecraft shall be
capable of flight with 85 percent of the 99 percentile wind shears given
in 2.3.2.6 of M-DE 8020.008B, and with 85 percent of the quasi-square
wave gust given in 2,3.2.8 of M-DE 8020,008B, both superimposed on
the 95 percentile quasi-steady state in-flight winds given in 2.3.2.5 of
M-DE 8020.008B.

3.5.1.6 Terrestrial Space Environment The spacecraft shall be capable

of operating in the terrestrial space environment as given in
Section 3 of M-DE 8020.008B.

209-774 O - 66 - 9
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3.5.1.7 through 3.5.1.17 N/A,

3.5.1.18 Sterilization No change.

3.5.1.19 through 3.5.1.21 N/A.

3.5.1.22 Entry The CM shall be capable of controlled flight through
the Earth's atmosphere (as given in 2.5 of M-DE 8020.008B)

to a preselected impact area having a ground range of 2500 nm from the
entry point (defined as the point at which the vehicle first descends
through the 400,000 feet altitude level). This shall be possible for a
nominal inertial entry velocity of 28,500 fps and a flight path angle of
-3.50. The design limit entry load for all CM systems shall be a 20g
deceleration.

3.5.1.23 Aerodynamic Characteristics No change.

3.5.1.24 Landing No change.

3.5.1.25 Postlanding The CM shall be capable of floating for seven
days under conditions given in 2.8 of M-DE 8020.008B.

3.5.1.26 Recovery The CM shall be equipped with recovery aids to
assist recovery forces in locating it and in effecting re-

covery of the vehicle.

3.5.2 Command and Service Module

3.5.2.1 Structure
3.5.2.1.1 Cabin Space N/A. See 3.1.1.1 (AS-202).
3.5.2.1.2 Windows N/A. See 3.1.1.1 (AS-202).

3.5.2.1.3 Ingress and Egress N/A. See 3.1.1.1 (AS-202).

3.5.2.1.4 Docking N/A.
3.5.2.1.5 Thermal Requirements No change.

3.5.2.1.6 Extravehicular Mobility Unit (EMU) Storage N/A.

ool
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3.5.2.2 CSM Propulsion

3.5.2.2.1 General Thrust, specific impulse, minimum impulse and
propellants for CSM propulsion subsystems shall be as
specified in Table 3.5-1 except that SPS thrust shall be 21,500 +215
pounds, SPS nominal vacuum specific impulse shall be 311.2 seconds
and SPS minimum vacuum specific impulse shall be 307.6 seconds.
The service life of propulsion subsystems after pre-mission testing shall
allow the engines to be fired for sufficient time to deplete propellants
available when all propellant tanks are loaded to the maximum capacity.

3.5.2.2.2 Command Module Reaction Control Subsystem No change

except delete provisions for dumping unburned propellant.

3.5.2.2.3 Service Module Reaction Control Subsystem No change

except delete reference to LEM.

3.5.2.2.4 Service Module Propulsion Subsystem The SPS shall pro-

vide thrust for translational maneuvers of the CSM.

3.5.2.3 CSM Communications and Tracking

3.5.2.3.1 General The CSM Communication and Tracking System shall
provide the following capabilities:
(@) Simulated voice communications,
(b) Telemetry transmission.
(c) Tracking aid.
(d) Up-data reception.
(e) Recovery beacon transmission.

3.5.2,3.2 Functional Capability

3.5.2.3.2.1 Voice Communications A single-frequency tone shall be

used to simulate voice communication from:

(@) The CSM to the MSFN.
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(b) The CSM to the launch complex prior to liftoff.
(c) The CM to the recovery forces.
3.5.2.3.2.2 Telemetry The telemetry subsystem shall be able to:
(a) Transmit operational data from the CSM to the MSFN.
(b) Transmit the data required for postflight analysis.
(c) Operate continuously from liftoff to Earth impact.
3.5.2.3.2.3 Tracking Aid The tracking aid subsystem shall enable
the MSFN to track the CSM.
3.5.2.3.2.4 Up-Data The up-data subsystem shall be able to:

(@) Receive data from the MSFN,
(b) Supply up-data verification signals to the MSFN via the CSM
telemetry subsystem.
3.5.2.3.2.5 Television N/A,

3.5.2.3.2.6 Recovery Beacon No change.

3.5.2.3.3 Coverage Capability
3.5.2.3.3.1 CSM-MSFN The CSM Communication and Tracking Sys=-

tem shall be able to operate with the MSFN to achieve

the coverage specified in Table 3.7~1 (202) of this appendix.
3.5.2.3.3.2 CSM-LEM N/A.
3.5.2.3.3.3 CSM-EVA N/A.
3.5.2.3.4 Performance The CSM Communication and Tracking System

shall meet the requirements specified in Table 3.5-2A(202)
and Table 3.5-2B (202) of this appendix.
3.5.2.4 Electrical Power Subsystem

3.5.2.4.1 General The CSM EPS shall generate and distribute all of

the electrical power required by the CSM during all phases
of the flight plus 48 hours of the postlanding recovery period. Until SM

separation, the primary source of electrical power shall be fuel cells
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and batteries. After SM separation, CM power shall be supplied by
batteries.

3.5.2.4.2 Nominal Capacity The EPS shall utilize three liquid hydro-

gen and liquid oxygen fuel cells, and shall be capable of
supplying a total of 575 kwh of electrical energy. Each fuel cell shall
be capable of supplying power over a range from 565 watts to 1400 watts.
In addition to the three entry and postlanding batteries, three 40 amp-hr
batteries shall be available to supply extra power required by the mis-
sion programmer and R&D instrumentation,
3.5.2.4.3 Sizing N/A,
3.5.2.4.4 Water and Oxygen Supply The EPS shall supply water and

oxygen to the ECS,
3.5.2.4.5 and 3.5.2.4.6 No change.

3.5.2,5 Integrated Navigation, Guidance and Control System Section

3.5.2.5 in the body of the specification is replaced in

entirety by the following requirements.
3.5.2.5.1 General The Primary Navigation, Guidance and Control Sys-

tem (PNGCS) and the Stabilization and Control System (SCS)
shall be used in conjunction with the Mission Control Programmer (MCP)
to provide the CSM with the capability of executing the unmanned AS-202
flight sequences, and for returning the CM to the designated landing
area. The PNGCS and SCS shall provide CSM guidance and control after
CSM separation from the launch vehicle. The MCP and SCS shall pro-
vide guidance and control in the event of PNGCS failure.

Spacecraft control during the mission shall be provided by
the Apollo Guidance Computer (AGC) in conjunction with the MCP. The

AGC shall initiate spacecraft guidance and control functions. As a
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backup the MCP shall be able to accept discrete ground commands

independent of the PNGCS so as to provide spacecraft control.

3.5.2.5.1.1 The principal elements of the PNGCS shall be an IMU, a
digital computer, an optical subsystem, and controls.

3.5.2.5.1.2 The principal elements of the SCS shall be gyroscopes,
an accelerometer rigidly mounted to the CM structure,

control electronics and controls.

3.5.2.5.1.3 The PNGCS shall provide means for checkout on the
launch pad utilizing the prelaunch checkout equipment.

3.5.2.5.1.4 The PNGCS shall:

() Permit the AGC to accept commands and navigation data from
the MSFN via the up-data link,

(b) Provide means for monitoring the position, velocity, attitude

and attitude rates of the Apollo space vehicle during burns
of the S-IB and S-IVB stages.
(c) Provide for alignment of the SCS inertial attitude reference
from the PNGCS.
(d) Provide for prelaunch alignment of the PNGCS IMU.
3.5.2.6 Display and Control Subsystem N/A. See 3.1.1.1 (AS-202).

3.5.2.7 Environmental Control Subsystem The CSM shall be equipped

with a nonregenerative Environmental Control Subsystem (ECS)
which shall provide a conditioned atmosphere and thermal control for
the pressurized inner structural envelope. The ECS shall also provide
thermal control of equipment where needed.

3.5.2.7.1 Atmospheric Supply The pressurized inner structural

envelope shall be supplied with pure oxygen to maintain
a partial pressure of oxygen not less than 180 mm Hg throughout the

mission and not more than 300 mm Hg after the launch phase, referenced .
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to 700Fdry bulb. The primary source of oxygen shall be the EPS located
in the SM. The ECS shall be capable of maintaining a cabin pressure of
not less than 3.5 psia for at least 15 minutes following a 0.25-inch
diameter puncture. This capability shall not be required in the CM after
SM separation, The ECS shall provide stored oxygen in the CM for use
from SM separation to CM touchdown.,

3.5.2.7.1.1 Atmospheric Control No change except delete reference

to crew,

3.5.2.7.2 Water Management In addition to water loaded on board at

launch, the ECS shall receive water from the EPS.
3.5.2.7.3 EMU Support N/A,
3.5.2.8 Crew Equipment N/A,

3.5.3 Lunar Excursion Module N/A.

3.5.4 Launch Escape System

3.5.4.1 The LES shall be capable of removing the CM from a malfunc-
tioning space vehicle without exceeding the structural limit
of the CM/LES. It shall provide terminal conditions for the CM which
permit safe entry into the lower atmosphere and deployment of the ELS.
3.5.4,2 The LES shall provide abort capability from before liftoff until
shortly after second stage ignition when the LES shall be
jettisoned, The LES shall be capable of separating from the space
vehicle during a normal mission without degrading space vehicle per-

formance.
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3.5.5 Adapter

3.5.5.1 General The Adapter shall structurally and functionally con-
nect the spacecraft to the launch vehicle., A structural

stiffener shall be added to the Adapter. This stiffener shall simulate the

LEM's contribution to the structural integrity of the Adapter.

3.5.5.2 Access The Adapter shall be designed to provide access to
its interior during the prelaunch phase.

3.5.5.3 Deployment The Adapter shall be designed to permit normal
CSM/Adapter separation and shall not interfere with launch

vehicle or spacecraft communications.

3.5.6 Extravehicular Mobility Unit N/A,

3.5.7 Scientific Payload N/A.

3.5.8 Flight Crew Training Equipment N/A.

3.6 Launch Area Only the requirements which are identified with
LC 34 and the Direct Launch Support Facilities are applicable

with the following exceptions:

3.6.3 Support of manned Apollo Saturn IB space vehicle operations
shall not be a requirement for this mission.

3.6.3.3 () N/A.

3.6.5.1 (e) Monitoring astronaut performance shall not be a

requirement for this mission.
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3.7 Manned Space Flight Network

3.7.1

3.7.2.2
(a)
(b)
(c)

3.7.2.3
(a)

(b)

(c)

3.7.2.4
3.7.2.5

General No change,

Functional Capability

Voice Communications The voice communications subsystem

shall enable:
Simulated voice communications between the CSM and the MCC.
Duplex, 4-wire voice communications between MSIN stations
and the MCC.

Telemetry The telemetry subsystem shall be able to receive:
Operational data from the CSM.
Operational data from each stage of the launch vehicle and the
IU simultaneously with (a).
Engineering data from the space vehicle simultaneously with (a)
and (b).

Tracking The tracking subsystem shall be able to:
Track in angle and range the radar transponders in the IU and
CSM during flight,
Track the transponders in the launch vehicle in angle, range
and range rate during the launch phase.
Provide sampled tracking data for transmission to the MCC and,
where required, for on-site computation.

Digital Command Communications No change.

Television The television subsystem shall be able to re-

ceive, record and display television transmission from the

IU locally at the Cape Kennedy and Antigua sites.
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3.7.2.6 Display and Control The LEM reference is not applicable.

3.7.2.7 Data Processing No change,

3.7.2.8 Timing No change.

3.7.3 Coverage Capability The MSFN station in the launch area

shall be able to support the prelaunch checkout of the space
vehicle on the launch pad.
The MSFN shall provide the coverage capabilities for:
(@) The CSM as specified in Table 3.7-1 (202) of this appendix.
(b) The Saturn IB launch vehicle as specified in Table 3.7-4 (202)

of this appendix.
3.7.4 Performance No change except the MSFN shall operate with
the space vehicle subsystems as specified in 3.3.5 and

3.5.2.3 of this appendix.

3.8 Mission Control Center No change except delete 3.8.1 (d).

4,0 Quality Assurance No change.
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TABLE 3.3- 1

SATURN 1B LAUNCH VEHICLE COMMUNICATION AND TRACKING REQUIREMENTS
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STAGE EQUIPMENT NUMBER OPERATING FREQUENCY
ANTENNA SUBSYSTEM MODULATION CHARACTERISTICS REMARKS
IMPLEMENTATION OF UNITS
SUBSYSTEM TRANSMIT RECEIVE
S-18 @ SEE NOTES 1. 2 AND 3§
TELEMETRY PCM/FM TELEMETER ONF 225-260 Mc OMN1-DIRECT |ONAL o PCM 91T RATE SHALL BE 72 KILODITS/SECOND
o SEE HOTES | AND 4
, MULTIPLEKED WITH OUTPUY
FM'FM TELEMETER ONE 225-260 Mc OF S-18 PCM/FM TELEMETER o m/:u/m MODULATION UTILIZED DURING R & D FLIGHT
/ / mﬁmsxzo WITH OUTPUT /
Mulml} TELEMETER / ONE 225-260 Nc / OF $-18 PCH/EM TELEN[YEI‘ 0 SEE IOYES 1 AND 4
7 7 7 /
SSIFN TELEFTER onz/1 225-260 We OF ST a peuI T TELENETER ss/ru / o seE noTE u /
A Z /
COMMAND DESTRUCT RECEIVER AND DECODER ™ 400-450 Mc OMI{-DIRECT 1ONAL ¥ ;:L:s:ﬁ;?k‘sS.I'l‘lklfAtfsgq:‘;}:#fo:;rgflﬁgs gAFm cowo
TRACKING 0NOP TRAMSPOMDER ONE UHF UNF FIXED DIRECT)ONAL
s-1v8 o sE€ noTES 1, 2 AND 3
TELEMETRY PCH/FH TELEMETER ONE 225-260 Mc OMN 1D IRECTIONAL s POM PIT RATE SHALL BE 72 KILOBITS/SECOND
/ / ’ / MULTIPLEXED WITH ourﬁr st s | i v / /
}FM TELEMETER ONE 225-260 "C/ OF $-1v8 m/ru m.:u:m F“/"' ‘mlm/m uonm.mo'« UTILIZED Dumr RED FLIG'IT
PROG
A ,
7/ / / /
PAM/FM/FN rsm«r:y ™ 225-260 Me ssz NOTE § ’sts uorss ' tun 1
yl Z /]

o N

225-260 Mc

A

// /
N S S

7T

COMMAND DESTRUCT RECEIVER AMD DECODER

400-950 Mc OMN1 =D IRECTIONAL

@ THIS SYSTEM SHALL BE COMPATIBLE WITH RANGE SAFETY COMMAND
TRANSMITTERS INSTALLED AT STATIONS OF THE ETR.

INSTRUMENT UNIT

TELEMETRY PCM/FM TELEMETER

ONE

225-260 Mc

—

OMN|-DIRECTIONAL

e —
@ SEE NOTES |. 2 AND 3

@ PCM BIT RATE SHALL BE 72 KILOBITS/SECOND
(@ BIT STREAM SHALL COMTA!N ALL S- lVl[lﬂ HISSION CONTROL OATA

AN AV

PCM/FM TELEMETER

N

SO

@ SEE NOTES 1. 2 AND 3
QEXPERIIENTAL sysTen
opcH NIT RATE SHALL BE 72 momsisecm

081§ e syaLL € 1007 ICAL WiTH 10 VoF

FM/FM TELEMETER

ONE

225-260 Mc

MULTIPLEXED WITH OUTPUT
OF 1U YNF PCM/FM TELEMETE

A A ST

o see Wires Nt

PAM/FM/FM TELEMETER

Z

L/ Ve

225-260 Mc

AN

/ / V
MULTIPLEXED WITH OUTPUT /]
OF 1U VHF PCM/FM TELEMETER
/ £ Z. /

] 77

/

A-m y

N

2y 77T

MDA{A//EEIQP/E M

/ /
MULTIPLEXED WITH OUTPUT
OF |V VHF PCM/FM TELD‘ET;

\SUDCODED' 54} WORDS AT IQIITSISECOM)

[} SEEJZTE 7

~7 7
.COMMAND- DESTRUC ANIVAN

(EXPER "MENTAL) RECEIVER AND DECODER
A /\ /1

AN
X

STATIONS OF THE ETR.
® PASSENGER TEST, SAS201 orLy

6 TH 1S SYSTEM SHALL RE COMPATIOLE WITH RANGE
SAFETY COMMAND TRAMSMITTERS INSTALLED AT

@ UTILIZES CODING DIFFERENT FROM C-BAND RADAR TRANSPONMDERS

C-8AND
TRACKING RADAR TRAMSPONDER C-8AND C-BAND OMN1-DIRECT 1ONAL O SPACECRAFT
AZUSA TRANSPONDER ONE C-Mwn C-pAND OMN1-DIRECTIONAL
7
7 / 7/ " / / @ OHE CAUERA WITH A WIRROR ARRANSEMERT
TELEVISION ~TELEVISION mnsmnsn/ ONE 850-870 Mc DIRECTIONAL ™ WILL VIEW ALL A::ng: PakeLs Mo
HINGE PQI .
/ L/ / % 4 )z e 02

HOTES:
i

THIS TELEMETRY SUBSYSTEM SHALL BE
COMPATISLE WITH THE INTER RANGE
INSTRUMENTAT{ON GROUP STANDARDS
{IRIG DOCUMENT MO. 106-60.
"TELEMETRY STANDARDS REVISED 1962")

ALL PCM TELEMETRY SUSSYSTEMS SHALL
RE DESIGNED TO PROVIDE AM ERROR
RATE MOT EXCEEDING ONE 81T IN 10%
BiTS FOR TRANSMISSIONS TO THE MSFN
AS MEASURED FROM LAUNCY VEMICLE
EMCODER TO EARTH-BASED DECODER.

3.

THIS PCM TELEMETRY SURSYSTEM SMALL
BE CAPARLE OF TRANSMITTING THE PCM
01T STREAM REQUIRED FOR REAL-TIME USE
VIA COAXIAL CATLE TO THE CHECKOUT
FACILITY PRIOR TO LIFT-OFF AND YIA

AN RF LINK PRIOR TO AND AFYER LIFT-OFF,

THIS TELEMETRY SUBSYSTEM SMALL
TRANSMIT DATA REQUIRED OWLY FOR
POST-MISSION ANALYSIS VIA AN RF
LINK

S. UP TO % VHF STASE TELEMETERS SHALL BE
MULTIPLEXED OM A COMMOM ANTEMNA SUB-
SYSTEM, WHEN MORE THAM ¥ YHF STASE
TELEMETERS ARE CARRIED, A SECOND
OMM I ~DIRECTIONAL ANTENNA SUBSYSTEM
SHALL BE PROVIDED,

6. MOT PRESENTLY SCNEDULED FOR OPERATIONAL
SATURN 1B LAUNCH VEWICLES. HOWEVER,
PROVISIONS TO CARRY THIS TELEMETER SHALL
BE INCORPORATED OM ALL SATURN B LAUNCH
VERICLES THROUGH AS-207.

7. THE UP-DATA SUBSYSTEM SHALL BE DESIGNED
IN CONJUNCTION WiTH STATIONS OF THE MSFN
SUCH THAT RO MORE THAN ONE CORRECT
MESSAGE SHALL SE REJECTED PER 1000
CORRECT MESSAGES AND THAT KO MORE THAN ONE
PER 10® INCORRECT MESSAGES SHALL BE
ACCEPTED,

3/1/66

EQUIPMENT/ FUNCT I ON
CODING
IS OPERATIONAL
FLIGHT VEHICLE
REQUIRED REQUIRED
woT
REQUIRED REQUIRED / /
NOT
REQUIRED REQUIRED
x0T NOT
REQU | RED REQUIRED
TABLE 3.3-1

APOLLO-SATURM 202
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TABLE 3,5 -2A
CSM COMMUNICATIONS AND TRACKING REQUIREMENTS
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'NUMBER OPERATING FREQUENCY

SUBSYSTEM EQUIPMENT
JMPLEMENTATION UNITS TRANSMIT RECEIVE ANTENNA SUBSYSTEM MODULATION CHARACTERISTICS REMARKS

VOICE COMMUNICATIONS
(SEE NOTE 1) UNIFIED S-BAND SYSTEM ® SEE TABLE 3.5-28 FOR REQUIREMENTS

® ALTERNATE NEAR-EARTH '%ICE CMNICHN»S CHARNEL ¥
SINPLEX MORE QF GPERAT! :
[ 2 FR%H‘:Y ;gécf t‘:mmcmons QIA“EL WITH LEN: TS SIW

.PRIHMV TRMS"IHEI FOR DUPLEX Y0iCE wumcmm

WITH MSFN VHF TRANSCEIVER #1 ONE VHF VHF OMN-DIRECTIONAL DSBAM TRANSMIT wiTH £
‘ DSBAM RECEIVE . mmnz BALK-UP m voucz COMMINIEATEONS mn EVA A
SIMPLEX MODE OF 0P
@ ALTERNATE YOICE comummons CHANNEL WITH RECOVERY
/mccs Vik SIMPLEX MODE OF OPERATION N
mvw:s BEACON MODE OF OPERATION FOR DF AFTER LANDING

7\ N | Wt epLERED Wi o vrgiaeo ot yoge Mo, oare ruasasice '

VHE TRANSCEIVER 2 LTEPL XED w DSBAM nusn T 108 DUR LIGHT PROG

|WITH MSFN \/ A HF Wczw:nn \ osau RECEIVE ® SEC gvoqs/comumcmons w(TH LN

< N
WITH LEM YHF TRANSCEIVER #1 /\//}ur\/ /\vnr : o\ SEE woncs/cm\mmcn mus/m:u\uSQ/
| _ N/ N/ N/ v
® BACK-UP YOICE COMMUNICATIONS CHARNEL WITK LEM VIA 5IRPLEX
MODE OF OPERATHON
{ RECEIVES LEN PCH/AM DATA
WITH LEM VHF TRANSCEIVER #2 ONE VHF VHF a’mg&ﬂ‘gg ;:‘“‘ ggm‘ u'g:m" ® PRIMARY RECEIVER FOR DUPLEX VOICE-COMMUN ICAT RS WITH EVA
. nscuves £VA BIOMEDICAL/DATA SIMULTANEOUSLY WITH EVA -
1CE

AN

* ALTEIIATE_BALK~U? FOR VOICE COMMUNICATIONS WITH EVA VIA\
SIMPLEX MODE\BF OPERAT 1ONS 2

-~ N L/ a Y A - v
THEVA / VHF TRANSCEIVER #1 /\/ VHE /\mr\/ : /\ / \/ ® SEE_"VGICE COMNUNICATIONS ¥ITH usr(/\/
v A4 a A g
/N i
WITH EVA /\vnr TRANSCEIVER £2 /\/ JHF VHF \/\/\ ] @om CONMUNICATIONS WiTH LEM® /\/
_ NI\ AW N N\ NN\
Y FORCES

]

e wand
WITH RECOVER HF TRANSCE IVER ONE 4 F OMN (=D {RECT | ONAL AM, CW, SSB © PROVIDES BEACON MODE OF OPERATION FOR DF AFTER LANDING
: \/ @ HF RECOVERY ANTENNA DEPLOYED AFTER LANDING

VHF TRANSCEIVER (! AF MULTIPLEXED WITH VHF ® SEE " .
WiTH QC/OVERY FORCES, # HE \/ BEACON SXoENns AFreR ENTRY SEE "VOICE COMMUNICATIONS WITH MSFR

"

KEYING COMMUNICI;\TTONS
TO MSFN UNIFIED S-BAND SYSTEM @ SEE TABLE 3.5-28 FOR REQUIREMENTS

TELEMETRY
TO MSFN UNIFIED $-BAND SYSTEM @ SEE TABLE 3.5-2B FOR REQUIREMENTS

o’ﬁm‘z’zn PR vOICE AND”DATATRANSMISSION STMOLAY 16n DurfNG

| 777
TO MSFN VHF Tmscewen VHF R & D FLIGHT PROGRAM  x
| / S os:z "VOICE COMMUNICATIONS WITH LEM"

N

\R

L 3

- 2,3 (3
t 10 MSFN/ / POM /m YELEMETER / NE 252260 Me / /"U”'/PL”{‘” " / /’C"ﬁ / / 'iftﬁﬂ#:?&%ézo""i’ »o N moms'uﬁow o i
l / / / TRANSCEIVER # / NRZ-C SERIAL BIT T STREM ® ALSO PROVDES PLAVBACK OF RE ORDED/CSN Pem TECEMETRY
V4 VA e 77 =7 7SS
TOMSFN /] //m;m/m JELETER / ™ / 25-260 M / TRANSCEIVER 41 / PAM/PH/FH // / ® SEE NOTE 3 L,
L & Z L
“ X AN X X XK W X ¥
W TRANSMITS DATA REQUIRED ONLY FOR POST-FLIGHT ANALYSIS
a ' @566 "VoICE COMUNICATIONS FITH Low®
VHF TRANSCEIVER $2 VHE \ PCM/AM @SEE NOTE &\ / N
\/ N [\QPCH BIT RATE OF 1.6 KILOBITS/SECOND,
‘ [ N 7 S ~ A 7N
‘ FROM EVA /\nr TRANSCEIVER \0% \ / V\ HE / /\ / FM/ m/\/ @ SEE_"VOICE COMMUNICATIONS WITH LEM®
! k \/ AV VA 4 AN N NE

7 ot ron PoorrL o
o ThikouITS ouTA RE0uTRED ALY FOR pOST-LIGHT AMALYSTS
A
N NNTNS
PAM/ M/ FM TELM% NE 225- 2/eo\ uc)&<><><> ){f@/m/w Vo'SEE NOTE 3
XN X \Vi D 0@ A S A A%
TAPE PLAYBACK
l UNIFIED S-BAND SYSTEM @ SEE TABLE 3.5-28 FOR REQUIREMENTS

AR IR AN N A W y
SR e | \\\\ \ \\ ) \\\\\\
S R P?/FN\TELEM\ETER\\ \\\\ \225\260 M \ >\ \ \oses TELEMETRV T0 MSFN \
N\
0 MSFN Pﬁ V{éumn ONE >§:\zs-zso :{\ eh mnsﬂrs CORDED PCM i 0aTA
AV LA AN 2\ /( N L, @ SEE NOTES 2, 3 AND 5 N
MMSIQN\/
TG MSFN UNIFIED S-BAND SYSTEM @ SEE TABLE 3.5-2B FOR REQUIREMENTS
AN

U(Z-E[E»}\IT(?TE& FROM MSEN UNIFIED S-BAND SYSTEM @ SEE TABLE 3.5-28 FOR REQUIREMENTS
777V 77777 / [ /S mdizs” 4 /7 /S / v /
{FROM MSFN RECEIVER AND DECODER ONE / 400-450 Mc TRANSCEIVER #! / PSK/FM / SURCODED 5-BIT WORDS AT 1000 ms/s:conu
\/ / yavd / X /1 in-Fuicn antenma yay A/ o v v/ v v v 4
TRACKING AID
TO MSFN UNIFIED S-BAND SYSTEM @ SEE TABLE 3.5-28 FOR REQUIREMENTS
— > 7 7 7 7 7 7 7 /
TO MSFN// c-aAnn “m / ou/z %ND/ /c-mn/ O“I/I-D{ECTI/DNAL/ //JLSE/ /// ,o/unuzes/conlne DIFFERENT FROM LAUNCH vsnm(un LE /
TRANSPONDER A 5 ) Bt iV Vv y  C-BAND RADAR TRANSPONOERS / , ,  , /
/\ rexoczvous haouy N\ 2\ A /%:: /\mc o ot a/kn«mm
0 I{/ Tesdsronoes \/ one \x-;mn \/x-suo Ml-ul@om P TRANSHIT [ \rﬁoy RANGE \} OHEREN \cﬁm! e
BEACON @ VHF RECOVERY ANTENNA DEPLOYED AT MAIN CHUTE DEPLOYMENT
TO RECOVERY FORCES VHF BEACON ONE VHF OMN{-DIRECTIONAL M @ BEACON 1S MULTIPLEXED WITH TRANSCEIVER #1 AFTER ENTRY
TO RECQVERY FORCES HF TRANSCEIVER HF ® SEE "VOICE COMMUNICATIONS WITH RECOVERY FORCES”
TO RECOVERY FORCES VHF TRANSCEIVER §1 VHE ’;gk&:fﬁg":;“"#g: ENTRY @ SEE "VOICE COMMUNICATIONS WITH MSFN"
3/1/66
NOTES:
). THE MINIMUM WORD INTEX IGIBILITY SHALL 3. THIS TELEMETRY SUBSYSTEM 5. THIS PCM TELEMETRY SUBSYSTEM SHALL LEGEND
BE 90% FOR NORMAL Y~ \COMMUNICATIONS SHALL BE COMPATIBLE WITH THE CAPABLE OF TRANSNITTING THE PCM BIT STREAM
AND 70% FOR BACK qu' ‘NICATIONS AS (li:TER RANGE INST?UNEETATION REQUIRED FOR REAL-TIME USE VIA COAXIAL EQU I PMENT/FUNCT 1ON
MEASURED BY 11> e _ZANEL UNDER 0UP STANDARDS (IR TY IN THE MILA
SIMULATED 5 N CONDITIONS UT- DOCUMENT NO. 106-60, "TEL- g:?:: ;g ITE::?::; :ff':; ;r |.|uprnu'§n CODING
LIZING 2 /CAN STANDARD METHOD METRY STANDARDS REYISED T0 AND AFTER LIFT-OFF
FOR MES 4T OF MONOSYLLABIC WORD 1962*) 0 LIFT-0FF. ™IS LUNAR
INTELLIGNLITY DATED MAY 25, 1960. FLIGHT MISSION
2. THE TELEMETRY SUBSYSTEM SHALL BE DESIGNED 4. THE TELEMETRY SUBSYSI=-\SHALL BE DES|GNED 6. NO MORE THAN ONE CORRECT MESSAGE SHALL BE
TO PROVIDE AN ERROR RATE NOT EXCEEDING TO_PROVIDE 2 NOT EXCEEDING ONE REJECTED PER 1000 CORRECT NESSAGES AND NO REQUIRED REQUIRED
ONE BIT IN 10% BITS FOR TRANSMISSIONS TO BIT (= ~<m TELEMETRY TRANS- MORE THAN ONE PER 10% [NCORRECT MESSAGES SHALL
THE MSFN AS MEASURED FORM CSM ENCODER TO MiSs "CSM AS MEASURED FROM LEM BE ACCEPTED. NOT
MSFN DECODER. ENCO\\-~"70 THE CSM RECORDER. REQUIRED REQUIRED
noT
REQUIRED REQUIRED
nOT NOT
REQUIRED REQUIRED
TABLE 3.5-2A

APOLLO-SATURN 202
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TABLE 3.5 -2B
CSM UNIFIED S-BAND COMMUNICATIONS AND TRACKING REQU)REMENTS

APOLLO-

SATURN 202

OPERATING FREQUENCY

NUMBER
SUBSYSTEM oo oF ANTENNA SUBSYSTEM CODUATION REMARKS
UNITS TRANSMIT RECEIVE
VOICE COMMUNICATIONS
(SEE NOTE 1) ©® TRANSPONDER FREQUENCY SHALL BE COHERENT WITH SIGNALS
F/PH TRANSHIT = RECEIVED FROM THE MSFN AND IN THE RATIO OF 240:22}
WITH MSFN " TRAKSPONOER ™ - s-8amp 1.25 Mc SUBCARRIER I Relhr LT A5 TELORTRT ComuiTokTi &R MATTT — —

FM/PM RECEIVE
30 Kc SUBCARRIER

7'&(‘.‘0? RELAY OF ¥OICE LCATIONS WiTH LEN

@ TRANSPOMDER AL30 PROVIDES FOR TELENETRY TRANSNISSION,
KEYED TRANSH!SS)ON, UP-DATA RECEPTION AND TRACKING
ASSISTANCE TO THE NSFN, .

AT BASEBMND

N2

I\
@ EMERGENCY YOICE TRANSMISSION

& THIS CAPABILITY 1§ PROVIDED ONLY WHEN THE CAPABIL-
1YY FOR SIMULTANEOUS PM ANO FN S-BAND TRANSWISSION
13, PROVIDED, N/

A’n WECEIVE

70 Ks SUBCARRIER

X '
EMERGENCY YOICE RECEPTION

THIS CAPASILIYY 3S PROVIDED ONLY WHEN THE CaPAGILITY

’4
FOR SIMULTANEDUS PN AND FM_S BAND TRARSNISSION IS
PROVIDED.

® SEE "UP-DATA FROM MSFN

v

0

/

N

0

%

7777

MULTIPLEXED WITH
S-BARD TRANSPONDER

77

{TNIS TRANSMITTER OPERATES OM THE SAME FREQUENCY AS THE /
TRANSPONDER, THEREFORE/(T 1S PROYIDED ONLY ON THOSE FLIGHTS|

/ FOR WHICH SIMULTANEOUS PM AND FM S-BAND TRANSMISSION 1S
NOT REQUIRED. /

® VOICE RECEPTION IS ACHIEVED VIA PM RECEPTION OF 30 Kc

WITH MSFN P TRANSMITTER #1 S-2anp OW1-DIRECT IONAL
I ANTENNA SYSTEM 1,25 Mc SUBCARRIE FM SUBCARRIERy /s
@ TRANSMITTER ALSO PROVIDES FOR TELEMETRY, SCIENTIFIC
DATA, TELEVISION, AND TAPE PLAYBACK TRANSMISSION TO,
/ / THE MSFK.
Z Z i i AL s //// y
KEYH HCATIONS
o @ SEE "VOICE COMMUNICATIONS WITH MSFN"
T MSEN PN TRANSPONOER 3-BAND A e e o . e 03 o e e e o e ass oo oo some s o o
512 Ke vpm ) wmu {oyumu\n}vmwmssmn
TELEMETRY @ SEE "VOICE COMMUNICATIONS WITH MSFN"
N/ P/ P @ SELECTABLE BIT RATES OF 51,2 KILOBITS/SECOND AND
1.024 Mc SUBCARRIER 1.6 KILOBITS/SECOND
NRZ-C SERIAL BIT STREMI | o <o yores s ap 3
TO MSFN P TRANSPONDER $-BAND
. ® SEE "VOICE COMMUNICATIONS WITH MSFN"
® RELAY OF COMPOSITE EVA VOICE AND 7 CHANNELS OF EVA
TR i TELEMETRY ON VOICE SUBCARRIER WHEN SIMULTANEOUS PM
AND FM S-BAND TRAMSMISSION CAPABILITY IS PROVIDED.
7 7 rd
l / / / / / / / / / ° szs/"vmc:/ommc{nons WTH Hsene” / )z
7
PCH/PY/FN Vo SELECTABLE BIT RATES OF 51.2 KILOBITS/SECOND, AND
1,024 Hc SUBCARRIER 1.6 KILOBITS/SECOND
y wRz-C SERIAL 81T STREAR” | o s ores 2 awp 8
T0 MSFN FM TRANSMITTER #1 3-BAND /7 /]
V 4 s 7
/
® SEE "VOICE COMMUNICATIONS WITH"MSFN"
P/ PROVIDES 3 CHANNELS OF REAL TINE SCIENTIFIC DAT
95 K, 125 Ke, 165 Ke
| / / / UseaRichs '4 TRANSMISSION TO THE MSFN /
@ SIX ADDITIONAL SUBCARRIERS ARE ALSO AVAILABLE
Va / / / / / i il !
® Tuis TRNSHITTER 15 PROYIDED ONLY OK THOSE FLIGHTS
FOR WHICH SINULTANEOUS PM AND FM S-BAND TRANSMISSION
is ?\um.
MILTEPLEXED WITH A/
e SAND @ TRANSMITTER ALSO PROVIDES FOR TELEYISION AND TAPE
STE ST * ‘°§,,,‘§§,:,°g,,'“ ke LAYBACK TRANSMISSION TO THE MSFN. /
PROYIDES 3 CHANNELS OF REAL TIME SCIENTIFIC DATA
TRANSHISSION TO THE MSFN \/
Z]
M y 7 re
TAPE PLAYBACK |/ |/ v 4 AW 7
® SEE "VOICE COMMUNICATIONS WITH MSFN"
)\ AN > 7al X <
/;uru ® RECORDED SCIENTIFIC DATA - 3 CHANNELS\
95 Kc,” 125 Kc, 165 K S o0 1T AL *
gﬁlcnnlgis' 5 Ke ,\gz AODITIONAL CHANNELS ARE ALSO AVAILABLE
TO MSFN % i TRANSHITTER #1 3-BAN P2 A4 PaN
\<\F"’ F:\ ?xcc;inm
ANALOG SUBCARRIER \(
NN NC
N N\ N ~
/ / / / é{ PCM/PMIFN ) \ RECORDED CSM PCM TELEMETRY AT APPARE!
1.024 Mc  SUBCARR! 51.2 KiLOBITS/SECOND RATE \<
‘ NN GVAVAVAVANY.
. /\ 1 sex "TELBETRY T0 MSFN® /\ %
v NrufEM
98 Ko, 125 Ke, 168 Ko 4 ® RECORDED SCIENTIFIC OATA - 3 CHANNELS
SUBCARRIERS
/ 5,
M TRARSITTER #2 it .f:““;\ - | recoroen vorce /

TO MSFN

@ RECORDED CSM PCN TELEMETRY AT APPARENT

1,028 ?mgm ;\51.2 K1L081TS/SECOND
M VA4
" @ RECORDED LEM 1.6 KILOBITS [SECOND PCM TELEMETRY AT
AT BASEBANO APPARENT 61,2 K1LOBITS/SECOND

ramns ////// 7 7 7 7777
L o TOMSFN P TRANSMITTER #1 4 P L - SEE "VOICE COMMUNICATIONS WITH MSEN" /
4 Z % L L L L L yd
o N\
; @ ‘SEE *TELOMETRY 10 NaEw
» - /\ "\"}"'{\/’ 4 W
UP-DATA " o PSK/FM/PH ® SEE "VOICE COMMUNICATIONS WITH MSFN"
D
(SEENOTE4)  FROM MSFN PHTRANSPONOER 70 K SUBCARRIER ® SUBCODED 5-BIT WORDS AT 1000 BITS/SECOND
TRACKING AID PM_ RECE!VE- " .
10 MSFN . oo oo REGEIVE st © SEE "VOICE COMMUNICATIONS WITH MSFN
SPONDER 4 TRANSHIT @ COMERENT TURN-AROUND CARRIER
PR CODE AT BASEBAND © COHERENT TURN-AROUND RANGE CODE
3/1/66
noTES:
3. THE P TELEMETRY SUBSYSTEM SHALL BE LEGEND
CAPABLE OF TRANSHITTING THE PO BIT STREAM
REQUIRED FOR REAL-TIME USE VIA COAXIAL EQUIPMENT/FUNCT 10N
CABLE TO THE CHECKOUT FACILITY IN THE MILA
PRIOR TO LIFT-OFF AND VIA AN RF LINK PRIOR CoDING
TO AND AFTER LIFT-OFF. s LUNAR
FLIGHT MISSION
. ™ . N THE UP-DATA SUBSYSTEN SWALL BE DESIGNED IN
R s T T e e e COMJUNCTION WITH STATIONS OF THE MSFN SUCH THAT REQUIRED REQUIRED
T0iR (68 SITS Fot Pon TELOETEY TRARS. O MORE THAN ONE CORRECT MESSAGE SHALL BE
NISSIONS To STATIORS OF THE NIFN AS WEANRED REJECTED PER 1000 CORRERT MESSAGES MO THAT REQUIRED i
LA PECOOER. INCORRECT MESSAGES REQUIRED
o e T e SHALL BE ACCEPTED. e
REQUIRED REQUIRED
o7 woT
REQUIRED REQUIRED
TABLE 3, 5-2B
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APPENDIX 202

TA

BLE 3. 7-4

REQUIRED SATURN 1B LAUNCH VEHICLE COVERAGE
APOLLO - SATURN 202

PHASE S-1B BURN {S-1VB BURN S-lf/'\éDB%ﬁ?N COAST

SUBSYSTEM +3 MINUTES

S-1B !

S-1VB R

I RIS [/,
COMMAND DESTRUCT

v L I
TRACKING

C-BAND : ////1//,

ovor — V///1//F]

SR 1 s,
TELEVISION

UHF I R

THE END OF BURN.

COVERAGE SHALL CONTINUE FOR AT LEAST ONE MINUTE AFTER

CONTINUOUS COVERAGE UNTIL THE PREDICTED IMPACT POINT

OF THE VEHICLE 1S OUTSIDE AREAS SPECIFIED BY RANGE

SAFETY.

TWO LAUNCH VEHICLE TRANSPONDERS SHALL BE TRACKED

CONTINUOUSLY TO SATISFY RANGE SAFETY REQUIREMENTS.

THE ADAPTER PANELS.

CONTINUOUS COVERAGE 1S REQUIRED DURING DEPLOYMENT OF

"] CONTINUOUS COVERAGE

NOT REQUIRED

TABLE 3. 7-4

APOLLO -

SATURN 202
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Apollo Saturn Mission 203

1.0 Scope This appendix to the Apollo Program Specification identi-

fies the performance, design and test requirements which apply to
the Program elements to be utilized for Apollo Saturn Mission 203 (AS-
203). These requirements are presented in this appendix as deviations
to the requirements specified for equipment for the lunar landing mission
- and the operational version of the Saturn IB launch vehicle and facilities.
Unless otherwise noted, the paragraphs in this appendix replace in their
entirety the identically numbered paragraphs in the body of the specifi-
cation.

1.1 Applicability No change, (1)

1.2 Change Approval No change.

2.0 Applicable Documents No change.

3.0 Requirements

3.1 Performance

3.1.1 Characteristics

3.1.1.1 General Add: To the extent practicable, the hardware used
on AS-203 shall be of the same design as the operational

version except as specified otherwise herein.

(1) The phrase "no change" is used after a section heading throughout
this appendix to mean that the requirement in the body of the specifica-
tion applies to this mission without change,
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3.1.1.2 Mission Performance

3.1.1.2.1 Mission Mode A shroud shall be used to replace the Apollo

spacecraft which is not required for this mission. A Saturn
IB launch vehicle consisting of an S-IB first stage, S-IVB second stage
and Instrument Unit, shall be used and shall be launched from the Cape
Kennedy launch area (LC 37B). The S-IVB second stage shall be placed
into an Earth orbit where a liquid hydrogen (LHZ) experiment shall be
performed. No recovery of flight hardware is required.

3.1.1.2.2 Mission Command Command and decision making shall be

exercised by Earth-based personnel. The Manned Space
Flight Network (MSFN) shall be used for communication with, and for
tracking of, the launch vehicle.
3.1.1.2.3 Payload The payload for this mission shall include LH2
remaining in the S-IVB stage after powered flight and will be
used in the performance of the hydrogen experiment. The primary objec=-
tives of this mission shall include those identified in Apollo Flight Mis-
sion Assignments, M-D MA 500-11.
3,1.1.2.4 Earth Launch Launch capability shall be provided to permit

an initial flight azimuth of 072°,
3.1.1.2.5 Earth Parking Orbit The capability shall be provided to

perform the mission using a near-circular Earth parking

orbit with a nominal altitude of 100 nm.

3.1.1.2.6 Injection Opportunities Not Applicable. (N/B). @)

3.1.1.2.7 Lunar Landing Accuracy N/A.

(2) The phrase "not applicable"is used after a section heading
throughout this appendix to mean that the requirement in the body of the
specification does not apply to this mission,
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3.1.1.2.8 Lunar Exploration N/A.
3.1.1.2.9 Earth Landing N/A,
3.1.1.2.10 Recovery N/A.

3.1.2 Program Definition No change.

3.1.3 Operability
3.1.3.1 logistics No change.
3.1.3.2 Safety No change.

3.1.3.3 Reliability The numerical reliability values for mission

success given in Table 3,1-2 shall be used where applicable
for engineering design and as a standard for evaluating test results.
The probability of mission success for the S-IB stage shall be at least
0.95.

On Table 3.1-2 change Note 1 to: The preflight phase begins
with the decision to start the countdown for launch and ends with launch.
Change Note 2 to: The flight phase begins with space vehicle liftoff
from the launch pad and terminates with conclusion of the LH, experi-

2
ment,

3.2 Program Standards No change.

3.3 Saturn IB Launch Vehicle

3.3.1 General No change except that the S-IVB (Saturn IB version)

shall be modified where necessary to be similar to the S-IVB

209-774 O - 66 - 10



March 1, 1966 203-4

Apollo Saturn Mission 203

(Saturn V version) to accomplish the mission objectives of 3.1.1.2,3

(203), and the launch vehicle control weights shall be as specified for

AS-203 in Table 10.1-1, Appendix 10.1,

3.3.1.1 Payload The launch vehicle shall have the payload capa-
bility specified for AS~203 in Table 10.1-1, Appendix 10.1.

3.3.1.2 Standby Time No change.

3.3.1.3 Prelaunch Checkout No change.

3.3.1.4 In-Flight Performance Evaluation No change.

3.3.1.5 Emergency Detection Subsystem No change exceptthat EDS in-

formation shall not be provided for display to the crew, and
the EDS shall be operated in an open-loop mode,

3.3.1.6 Instrumentation An instrumentation subsystem shall be pro-

vided in the launch vehicle to permit ground personnel to

evaluate launch vehicle performance. Special instrumentation, including

TV, required for the LH, experiment shall be provided.

2
3.3.1.7 Command Destruct No change.

3.3.1.8 Electrical Power No change.

3.3.2 Structure No change.

3.3.3 Propulsion No change except:
The H-1 engine thrust shall be 200,000+6, 000 pounds,
The J-2 engine shall provide a nominal vacuum specific impulse

of 422 seconds and a minimum vacuum specific impulse of 418 seconds.

3.3.4 Launch Vehicle Guidance, Navigation and Control

3.3.4.1 General The launch vehicle guidance, navigation and control

system shall provide the guidance, navigation and control
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functions which are required for the space vehicle from liftoff through the
completion of S-IVB Earth orbit operations. The principal elements shall
be an inertial measurement unit (IMU), a digital computer and control
electronics. These elements shall be located in the IU,

3.3.4.1,1 No change.

3.3.4.1.2 N/A.

3.3.5 Saturn IB Launch Vehicle Communications and Tracking

3.3.5.1 General The Communication and Tracking System of the
Saturn IB launch vehicle shall have the following capabilities:
(@) Telemetry transmission.
(b) Tracking aid.
(c) Up-data reception.
(d) Command-destruct data reception.
(e) Television transmission.

3.3.5.2 Functional Capability Add the following paragraph.

3.3.5.2.5 Television The television subsystem in the IU (the camera

assembly is located in the S-IVB) shall be able to provide
television transmission to stations of the MSFN for at least 4.5 hours
after launch.

3.3.5.3 Coverage Capability The Saturn IB Communication and Track-

ing System shall be able to operate with the MSFN to achieve
the coverage specified in Table 3.7-4 (203) of this appendix.
3.3.5.4 Performance The Saturn IB Communication and Tracking
System shall meet the requirements specified in Table 3.3-1

(203) of this appendix.
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3.4 Saturn V Launch Vehicle N/A.

3.5 Spacecraft N/A Refer to 3.1.1.2.1 (203).
3.6 Launch Area

3.6.1 General

3.6.1.1 No change.

3.6.1.2 No change except that requirements for the Operations and
Checkout Building and associated facilities are not applicable.

3.6.1.3 No change.

3.6.1.4 No change.

3.6.2 Space Vehicle Checkout Systems LC 37B shall utilize launch

vehicle checkout equipment capable of effecting automated
checkout of a Saturn IB launch vehicle. As far as possible, the checkout
equipment for the Saturn IB space vehicle shall be identical to that to be
used for the Apollo Saturn V. In addition, the launch vehicle checkout
systems shall:

(@) through (g) - No change.

3.6.3 Launch Complex 37B LC 37B shall include three major items:

the launch pad and umbilical tower, the service structure and
the Launch Control Center.

LC 37B shall provide the capability for on-pad assembly, pre-
paration and launch of an unmanned LH2 experiment on a Saturn IB launch

vehicle, The capability shall be provided to continue those services
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and operations necessary to support a launch hold of up to 12 hours occur-
ring after completion of propellant loading.

LC 37B shall be designed to permit the launching of an Apollo
Saturn IB during the 95 percentile peak surface wind conditions given in

2,3.2.3 of M-DE 8020.008B.

3.6.3.1 Launch Pad and Umbilical Tower No changes except as

follows:
(a) Delete reference to the Operations and Checkout Building.
(c) N/A

3.6.3.2 Service Structure No change.

3.6.3.3 Launch Control Center No change except as follows:
(c) N/A.
(e) N/A.

3.6.4 Launch Complex 39 N/A.

3.6.5 Direct Launch Support Facilities
3.6.5.1 Operations and Checkout Building N/A.

3.6.5.2 Central Instrumentation Facility No change except that refer-

ences to the Operations and Checkout Building are not applicable.

3.6.5.3 Central Telephone Office No change except that references to

the Operations and Checkout Building are not applicable,

3.7 Manned Space Flight Network

3.7.1 General No change.
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3.7.2 Functional Capability

3.7.2.1 Voice Communications The voice communications subsystem

shall enable duplex, 4-wire communications between MSFN

stations and MCC.
3.7.2.2 Telemetry The telemetry subsystem shall be able to receive:

(@) Operational telemetry from each stage of the launch vehicle and

the IU.

(b) Engineering data from the space vehicle.
3.7.2.3 Tracking No change except:

(@) N/A.

(e) N/A.

3.7.2.4 Digital Command Communications No change except that the

CSM references are not applicable.
3.7.2.5 Television The television subsystem shall be able to re-
ceive, record and display television transmission from the IU
locally at the Cape Kennedy, Bermuda, Carnarvon and Corpus Christi
sites.

3.7.2.6 Display and Control No change except that the LEM and

CSM references are not applicable.

3.7.2.7 Data Processing No change.

3.7.2.8 Timing No change.

3.7.3 Coverage Capability The MSFN station in the launch area shall

be able to support the prelaunch checkout of the space vehicle
on the launch pad.

The MSFN shall provide the coverage capabilities for the space
vehicle as specified in Table 3.7-4 (203) of this appendix.
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3.7.4 Performance No change except that the MSFN shall operate
with the space vehicle subsystems as specified in 3.3.5 of

this appendix.

3.8 Mission Control Center No change except delete 3.8.1 (d).

4,0 Quality Assurance No change.
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APPENDIX 203
TABLE3.3-1

SATURN |B LAUNCH VEHICLE COMMUNICATION AND TRACKING REQUIREMENTS
APOLLO-SATURN 203

STAGE OPERATING FREQUENCY
BER
mbiion | oroheeR ANTENNA SUBSYSTEM | MODULATION CHARACTERISTICS REMARKS
SUBSYSTEM TRANSMIT RECEIVE
S-18 @ SEE NOTES 1, 2 AND 3
TELEMETRY PCM/FM TELEMETER ONE 225-260 Mc OMN1-DIRECTIONAL POM/PH e PCH BIT RATE SHALL BE 72 KILOBITS/SECOND
® SEE NOTES | AND &
MULTIPLEXED WITH OUTPUT
FM/FM TELEMETER 225260 Mc OF S-18 PCM/FM TELEMETER o m/mlm MODULATION UTILIZED DURING R & D FLIGHT

777777777

PAM/PMIFM TELEMETER

(L[]

VI

7 /;7///A

/777777
MULTIPLEXED WITH OUTPU¥
OF S-18 PCM/FM TELEMETER,

(/L1111

I

7777,

/ /1)

/

Wiz

[/ /////////////L//

MULTIPLEXED WITH OUTPUT

7777

s,

s

COMMAND DESTRUCT

SS/FM TELENETER
RECEIVER AND DECODER

400-450 Mc

OMNI-DIRECTIONAL

@ THIS SYSTEM SHALL BE COMPATIBLE WITH RANGE SAFETY COMMAND
TRANSMITTERS INSTALLED AT STATIONS OF THE ETR.

TRACKING 000P TRANSPONDER ONE uHF uF FIXED DIRECTIONAL
FS"VB o SEE NOTES 1, 2 AND 3
TELEMETRY PO/FM TELEMETER onE 225-260 M OMN 1D 1RECT IONAL PeN/EM | pou 817 RATE SHALL BE 72 KILOBITS/SECOND
/ //// /// .IIIIII/
// 2 1{4“/ / L /Y G, //// //:Elzrnsxsz..ﬁﬁzﬂ.::;m 4 ///// w/my///// .iii,:ZIfi L,Z:f.i..f Ll ./.,/n./m//
//Z/ /111 YD, PROGRAM /////////
/// / ’//
r?n}m/n/m;rzn / /25./150/ we { szz nors 5 m/ru/ru o }EE/IOTES/I AID/I
LA / o '//// / ”/// ////// S ///////////////
SS/PH 260 M SEE ] o
/75559 hsand 5/ 775" /
COMMAND DESTRUCT RECEIVER AND DECODER 400-450 M OMN)-DIRECT IONAL ‘{:{:;}%}E’;:’,‘,’:gh:{g"‘,‘;‘;}:ﬁ&‘;’:,’;",,g‘g:f“‘ ComiaD
INSTRUMENT UNIT @ SEE ROTES 1, 2 AND 3
TELEMETRY PCM/FM TELEMETER ONE 225-260 Mc OMNI-DIRECT | ONAL PCH/FM ® PCM BIT RATE SHALL BE 72 KILOBITS/SECOND
o 81T STREAM SHALL CONTAIN ALL S-18/1y Wission controL araf
/7Y & SEE NOTES 1, 2 AND §
{nc/re(aé{/ / /z{o-mo - / 7 // mlm oarg:::alm St3TEN {Z{ // 4/#
//// /// // A .Bl; S}REM}")L ;E lDE"TI;AL HILH 1y VNF PCM/FMTE}ENETER
i o _—_— ot e
4 AN EANNA 4
i // 9 / AN st/ /’“”"V///// r§=/°'/“ S,
1777/ /V /77 Sl oot /777
I S s A S,
® SUBCODED 5-81T KORDS AT 1000 81TS/SECOND
UP-DATA |  REGEIVER avb DEcover one 400-450 He OMNI-DIRECTIONAL PsK/ru ® WITH STATIONS.OF THE HSPA-SUCK THAT o MORE THAN ORE.
CORRECT MESSAGE SHALL BE REJECTED PER 1000 CORRECT
MESSAGES AND THAT NO MORE THAN ONE PER 109 INCORRECT
MESSAGES SHALL BE ACCEPTED.
TRACKING o e - oD 1D IRECTIONAL LS @ UTILIZES CODING DIFFERENT FROM C-BAND RADAR TRAKSPONOERS
AZUSA TRANSPONDER C-BAND C-BAND OMNI-DIRECTIONAL

/777

s

77777777

TELEVISION TRA”“I“ERﬂW
Yy

T

[L/

W

I

)

NOTES:

| THIS TELEMETRY SUBSYSTEM SHALL BE 3.
COMPATIBLE WITH THE INTER RANGE
INSTRUMENTATION GROUP STANDARDS

(|RIG DOCUMENT NO. 106-60.

"TELEMETRY STANDARDS REYISED 1962")

~

. ALL PCM TELEMETRY SUBSYSTEMS SHALL 4.
BE DESIGNED TO PROVIOE AN ERROR
RATE NOT EXCEED(NG ONE BIT IN 10°®

THIS PCM TELEMETRY SUBSYSTEM SHALL
BE _CAPABLE OF TRANSMITTING THE PCM
8T STREAM REQUIRED FOR REAL-TIME USE

YIA COAXIAL CABLE TO THE CHECKOUT

FACILITY IN THE MILA PRIOR TO LIFT-OFF

AMD VIA AN RF LINK PRIOR TO AND AFTER
LIFT-0FF,

BITS FOR TRANSMISSIONS TO THE MSFN
AS MEASURED FROM LAUNCH VEWICLE
ENCOOER TO EARTH-BASED DECODER.

THIS TELEMETRY SUBSYSTEM SHALL 6.
TRANSMIT DATA REQUIRED ONLY FOR
POST-MISSION ANALYSIS YIA AX RF

§. UP TO 4 VHF STAGE TELEMETERS SHALL 8E

MULTIPLEXED OM A COMMON ANTENNA SUB-
SYSTEM. WHEN MORE THAN 4 VHF STAGE
TELEMETERS ARE CARRIED, A SECOND
OMN|-DIRECTIONAL ANTENNA SUBSYSTEM

SHALL BE PROYIDED,

NOT PRESENTLY SCHEDULED FOR OPERATIONAL

SATURN 1B LAUNCH VEHICLES.

HOWEVER,

PROVISIONS TO CARRY THIS TELEMETER SHALL
BE INCORPORATED ON ALL SATURN IB LAUNCH

VENICLES THROUGH AS-207.

3/1/66
EOUIPMENT/FUNCTION
coDING
IS OPERAT I ONAL
FLIGHT VENICLE
REQUIRED REQUIRED
NO
REQUIRED Rwam /
NOT
REQUIRED REQUIRED
¥oT NOT
REQUIRED REQUIRED

ABLE 3.3-1
APOLLO SATURN 203
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TABLE 3.5 -28
CSM UNIFIED S-BAND COMMUNICATIONS AND TRACKING REQUIREMENTS
APOLLO-SATURN 204205
NUMBER OPERATING FREQUENCY MODULATI
SUBSYSTEM mm:mnou oF ANTENNA SUBSYSTEM CHARACTERISTICS REMARKS
UNITS TRANSMIT RECEIVE
VOICE COMMUNICATIONS " conreRT wiTH S1aAALS
(SEE NOTE 1) p— I:é:mo F:DFI. O mk'}_& nguo of 200:22)
WITH MSFN 4 TRANSPOMDER ™~ R~ s-sanp 1.25 Mc SUBCARRIER T T e numt! TR wiTe B
FM/ P RECEIVE 'S sacxur o Witk 16ATIONE VITY LB
% Ko SUCARRIEY . s ME 00 TELOMETRY 18510,
KEYED TRANSHISSION, UP-DATA RECEPTION AND m
ASHITHCE (0 TE Jomv, "
I /\ : ® bRy pﬁs\mum
; RN B b
RS TR L R
NEY VOICE RECEPTION
A i At
& SEE PUSIATA TROM HSF \/
7
/ / / / / / /rn/n]m{su/mn oréms on/m:/ su/n{wzucv A The /
TRANSPONDER, THEREFORE IT IS PROYIDED ONLY OV n:gizl o:ugursl
',"‘:I,'.;‘%i,'i,!;{:g. ::: R:uc'l;!gwuuzws PM AND FI $S-BAND TRANSH
WITH MSFN M TRANSHITTER #1 3 S-8AND OMI 1-D I RECT IONAL m/rn TRAN VOICE RECEPTION IS ACHIEVED ViA PM RECEPTION OF 30 Kc
ANTENNA SYSTEN 1.25 M suscmnzn FM SUBCARRIER.
TRANSMITTER ALSO PROVIDES FOR TELEWETRY, SCIENTIFIC
) W v / /) /// i i
KEYING COMMUNICATIONS ® SEE "VOICE COMMUNICATIONS WITH MSFR"
TO MSFN P TRANSPORDER S-8M0 sz ke wmm:l @ TRANSMITTED ALONE - SACKUP FOR VOICE TRANSMISSION
TELEMETRY @® SEE "VOICE COMMUMICATIORS WITH MSFN*
PON/PU/PH @ SELECTABLE BIT RATES OF 5(.2 KILOBITS/SECOND AND
1,024 Mc SUBCARRIER 1.6 KILOBITS/SECOND
WRZ-C SERIAL BIT STREAM @ SEE NOTES 2 MD 3
TO MSFN P TRANSPONDER S-8ArD -
J— @ SEE "VOICE COMMUNICATIONS WITH MSFW"
o | A R L ] S
AMD FM S-BAND TRANSMISSION CAPABILITY IS PROVIDED.
f f 4 Yy // (7T Bttt ot 77 777
POH/PH/FM }n SELECTABLE BIT RATES OF 1.2 m.o\mlszcm AND
1.02¢ Mc SUBCARRIER / 1.6 KILOBITS/SECOND
/ m-c ssz un srmu Lo ser nm 2 a0 2 // /
10 MSFN M TRANSHITTER #1 S-BAND / / //,/ // ”
/A///// ]. SEE VOICE CNOIZIICATI S lITN NSFI
o5 Kgunéﬁnléns'“ A e mlé&'ﬁisf mcln#;u%: gr:m TINE scnsmnc nm
/ ’ / . ‘ / @ SIX ADDITIONAL SUBCARRIERS ARE ALSO uuuu/: ‘
‘ P FOR mw.iwuulms PHCARD M S-BARD TRANSNIBSION

TO MSFN

/ S REQH
| FHTRANSHITTER $2 ot somm T roaten _ itie @ TeamsuiTIEn Miso PAOvIDES FOR TeLEvISIOn w0 TAE
I . ATE $YSTEN - 7/

» Kes'u:z:,:fé.;as i PLATBACK TRARSMISSION TO THE

® PROVIDES: 3 CHANNELS OF el TIQIE EIW!FIC PATA
TRARMMEESION TO THE MSFR

e/ // WY ///{///, i 7"?"’/"“?‘“/‘"7"“/"5’/"5"5*"/"7//////
it WSS et

7 /// // S e
/, / / Y s

® see TEOETY 10 wepw
Z

L] Kc, |2$ ic UOS ke /Kmﬂ M!G”i*lc}lﬂ .3 CHANBELS
oo \

TO MSFN P TRANSNI TTE| n\ -2 ; o nsmn / @ RECORDED YOICE \

mmw RECORGED CIM. PO TELENETRY AT APPARENT
1028 Jlu SUSCARRER w.z KELORSTS/SECOND:

m & RECORDED LM 1.8 KILOXITS fSECOND PN mmv lT
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IB LAUNCH VEHICLE COVERAGE

APOLLO - SATURN; 203

PHASE
SUBSYSTEM

S- 1B BURN

S- IVB BURN

END OFRSN-IVB COAST A s-v v creckour 3
BU
A IN EARTH ORBIT IN EARTH  ORBIT
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v /// ////
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S-1B

S-1vB

UHF UP-DATA

v

TRACKING

C-BAND

0DoP

=

AZUSA

_____

I COVERAGE SHALL CONTINUE FOR AT LEAST ONE MINUTE AFTER

THE END OF BURN,

2. CONTINUOUS COVERAGE UNTIL THE PREDICTED IMPACT POINT
OF THE VEHICLE IS OUTSIDE AREAS SPECIFIED BY RANGE

SAFETY.

3. TWO LAUNCH VEHICLE TRANSPONDERS SHALL BE TRACKED
CONTINUOUSLY TO SATISFY RAMGE SAFETY REQUIREMENTS.

4. THE GAP BETWEEN CONTACTS SHALL BE MO GREATER THAN
1/2 ORBIT. CONTACTS SWALL BE AT LEAST 3 MIMUTES LONG,

5. THIS REQUIREMENT MAY BE SATISFIED DURING AN ORBITAL

CONTACT.
€. EXPERIMENTAL SYSTEM,

3/1/66

PARTIAL COVERAGE

/74
EE0 commmoms covemace
—/

NOT REQUIRED

TABLE 3.7-4
APOLLO -SATURN 203
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TABLE 3.7-4
REQUIRED SATURN IB LAUNCH VEHICLE COVERAGE
APOLLO-SATURN 204/205
L J 4 5 5
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THE END OF BURN.

4 THE GAP BETWEEN CONTACTS SHALL BE KO

QREATER THAN 1/2 ORBIT. CONTACTS SHALL

BE AT

CONTINVOUS COVERAGE UNTIL THE PREDICTED IMPACT

POINT OF THE VEHICLE 1S OUTSIDE AREAS SPECIFIED 5

BY RANGE SAFETY.

TWO LAUNCH YEHICLE TRANSPONDERS SHALL BE

TRACKED CONTINVOUSLY TO SATISFY RANGE SAFETY

REQUIREMENTS.,

LEAST 3 MINUTES LONG.

AN ORBITAL CONTACT,

6 EXPERI

MENTAL SYSTEM -

NOT REQUIRED ON AS-205.

THIS REQUIREMENT MAY BE SATISFIED DURING

3/ 1/66

PARTIAL COVERAGE
m CONTINUOUS COVERAGE

: NOT REQUIRED

TABLE 3.7-4
APOLLO-SATURN 204/205
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Apollo Saturn Missions 204 and 205

1.0 Scope This appendix to the Apollo Program Specification identi-

fies the performance, design and test requirements which apply to
the Program elements to be utilized for Apollo Saturn Missions 204 and
205 (AS-204 and AS-205). These requirements are presented in this
appendix as deviations to the requirements specified for equipment for
the lunar landing mission and the operational version of the Saturn IB
launch vehicle and facilities. Unless otherwise noted, the paragraphs
in this appendix replace in their entirety the identically numbered para-
graphs in the body of the specification,

1.1 Applicability No change. (1)

1.2 Change Approval No change.

2.0 Applicable Documents No change.

3.0 Requirements

3.1 Performance

3.1.1 Characteristics

3.1.1.1 General Add: To the extent practicable, the hardware used
on AS-204 and AS-205 shall be of the same design as the

operational version.

(1) The phrase "no change" is used after a section heading throughout
this appendix to mean that the requirement in the body of the specifica-
tion applies to this mission without change.
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3.1.1.2 Mission Performance

3.1.1.2.1 Mission Mode This Apollo test mission shall be an Earth

orbital mission., The spacecraft, which includes a manned
CM and an SM, shall be launched from the Cape Kennedy launch area
(LC 34) into the desired trajectory by a Saturn IB launch vehicle con-
sisting of an S-IB first stage, an S-IVB (Saturn IB version) second stage
and an IU. After CSM separation from the launch vehicle and Space-
craft Adapter, the spacecraft propulsion system shall be used to maneu-
ver in Earth orbit, including CSM maneuvers with the rest of the space
vehicle as a target. After Earth parking orbit operations, the spacecraft
propulsion system is to be used to reduce the spacecraft velocity suf-
ficiently for entry. The CM shall be slowed to a safe landing by aero-
dynamic braking after separation from the SM, and during the final
phases of the landing sequence by parachute/

3.1.1.2.2 Mission Command No change.

3.1.1.2.3 Payload The payload for this mission shall include an SM
and a manned CM. The primary objectives of this mission

shall include those identified in Apollo Flight Mission Assignments,

M-D MA 500-11.

3.1.1.2.4 Earth Launch Launch capability shall be provided to permit

an initial flight azimuth of 0720.
3.1.1.2.5 Earth Parking Orbit The capability shall be provided to per~-

form the mission using an elliptical Earth parking orbit with

a nominal apogee of 130 nm and a nominal perigee of 85 nm,

3.1.1.2.6 Injection Opportunities Not applicable. (N/A). (2)

(2) The phrase "not applicable"is used after a section heading
throughout this appendix to mean that the requirement in the body of the
specification does not apply to this mission,
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3.1.1.2.7 Lunar Landing Accuracy N/A.
3.1.1.2.8 Lunar Exploration N/A,

3.1.1.2.9 Earth Landing The normal Earth landing mode shall be

on water. The capability for water and land landing shall
be as specified in 3.5.1.24.
3.1.1.2.10 Recovery No change

3.1.2 Program Definition No change.

3.1.3 Operability

3.1.3.1 Logistics No change,
3.1.3.2 Safety No change.
3.1.3.3 Reliability

3.1.3.3.1 Equipment Reliability No change except: In Table 3,1-2

add "the success probability for the S-IB stage shall be at
least 0,95." Change Note 1 to "the preflight phase begins with the
decision to start countdown for launch and ends with launch".

3.1.3.3.2 Environmental Hazards Change "the lunar landing mission"”

to "this mission" and delete reference to the lunar surface.
3.1.3.3.3 Crew Safety No change.
3.1.3.3.4 System Design Policy No change.

3.1.3.3.5 Reliability Assurance No change.

3.2 Program Standards No change.

3.3 Saturn IB Launch Vehicle
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3.3.1 General No change except that the launch vehicle control
weights shall be as specified for AS-204 and for AS-205 in
Table 10.1-1, Appendix 10,1,
3.3.1.1 Payload The launch vehicle shall provide the payload capa-
bility specified for AS-204 and for AS-205 in Table 10.1-1,
Appendix 10.1,
3.3.1.2 Standby Time No change.

3.3.1.3 Prelaunch Checkout No change.

3.3.1.4 In-Flight Performance Evaluation No change.

3.3.1.5 Emergency Detection Subsystem No change.

3.3.1.6 Instrumentation No change.

3.3.1.7 Command Destruct No change.

3.3.1.8 Electrical Power No change.

3.3.2 Structure No change.

3.3.2.1 Prelaunch Environment No change.

3.3.2.2 Launch and Flight Environment The launch vehicle shall be capa-

ble of being launched in the 90 percentile peak surface wind condi-
tions givenin2.3,2.30f M~-DE8020,008B and associated wind shears given
in 2.3.2.4 of M=DE 8020.008B. The launch vehicle shall be capable of
flight in the 95 percentile quasi-steady state in-flight winds given in
2.3.2.5 of M=DE 8020.008B. In addition, the vehicle shall be capable
of flight with 85 percent of the 99 percentile wind shears given in
2.3.2.6 of M-DE 8020.008B, and with 85 percent of the quasi-square
wave gust given in 2.3.2.8 of M-DE 8020.008B, both superimposed on
the 95 percentile quasi-steady state in-flight winds given in 2.3.2.5 of

M-DE 8020.008B.
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3.3.3 Propulsion No change except that H-1 engine thrust shall be
200,000 =6,000 pounds.

3.3.4 Launch Vehicle Guidance, Navigation and Control

3.3.4.1 General The launch vehicle guidance, navigation and control
system shall provide the guidance, navigation and control

functions which are required for the space vehicle from liftoff through the

completion of CSM maneuvers with the rest of the space vehicle. This

includes a simulated docking on AS-205. The principal elements shall

be an inertial measurement unit (IMU), a digital computer and control

electronics, These elements shall be located in the IU.

3.3.4.1.1 No change.

3.3.4.1.2 N/A.

3¢3.5 Saturn IB Launch Vehicle Communications and Tracking

3.3.5.1 General No change,
3.3.5.2 Functional Capability No change.

3.3.5.3 Coverage Capability The Saturn IB Communication and Track-

ing Systems for Apollo flight missions 204 and 205 shall be
able to operate with the MSFN to achieve the coverage specified in
Table 3,7-4 (204/205) of this appendix.
3.3.5.4 Performance The Saturn IB Communication and Tracking

Systems for Apollo flight mission 204 shall meet the require-
ments specified in Table 3.3~1 (204) of this appendix. The Saturn IB
Communication and Tracking System for Apollo flight mission 205 shall
meet the requirements specified in Table 3.3-1 located in the body of

this specification,
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3.4 Saturn V Launch Vehicle N/A.

3.5 Spacecraft

3.5.1 General No change except:
The spacecraft shall be designed to be mated to a Saturn IB
launch vehicle.
Spacecraft control weights shall be as specified for AS-204 and
AS-205 in Table 10,1-3, Appendix 10.1.
Delete references to the LEM and the AV budget.

3.5.1.1 Prelaunch Environment No change.

3.5.1.2 Prelaunch Checkout No change.

3.5.1.3 In-Flight Performance Evaluation No change.

3.5.1.4 Standby Time The spacecraft shall have the capability to

stand by in a loaded condition, after launch vehicle propellant
loading, for 10 hours and still perform the mission.

3.5.1.5 Launch and Flight Environment The spacecraft shall be capable

of being launched in the 90 percentile peak surface wind conditions
given in 2.3.2.3 of M-DE 8020,008B and associated wind shears given
in 2.3.2.4 of M=-DE 8020.008B. The spacecraft shall be capable of
flight in the 95 percentile quasi~steady state in-flight winds given in
2.3.2.5 of M=DE 8020.008B, In addition, the spacecraft shall be
capable of flight with 85 percent of the 99 percentile wind shears given
in 2.3.2.6 of M-DE 8020,008B, and with 85 percent of the quasi-square
wave gust given in 2,3.2.8 of M-DE 8020, 008B, both superimposed on
the 95 percentile quasi-steady state in-flight winds given in 2,3.2.5

of M-DE 8020.008B.




3.5.1.6
3.5.1.7
3.5.1.8

target.,

204-7 March 1, 1966

Apollo Saturn Missions 204 and 205

Earth Orbit Environment No change.

Translunar Environment N/A.

Transposition After separation the CSM shall be capable of

performing maneuvers with the rest of the space vehicle as a

The spacecraft shall be capable of avoiding impact with the rest

of the space vehicle during subsequent flight maneuvers.

3.5.1.9

One-Man Operation The spacecraft shall be designed so

that a single crew member can perform all functions required

to accomplish a safe return to Earth from any point in the mission.

3.5.1.10
3.5.1.11
3.5.1.12
3.5.1.13
3.5.1.14
3.5.1,15
3.5.1,16
3.5.1,17
3.5.1.18
3.5.1.19
3.5.1.20
3.5.1.21
3.5.1,22

to a preselected water landing area.

ceeding a 10g deceleration for an Earth orbital entry.

CSM/LEM Abort N/A.
N/A.

N/A.

Separation Time

Descent Abort

N/A.
N/A.
Lunar Landing N/A.

N/A.

Scientific Equipment Support

Translational Range

Lunar Environment

Lunar Operations

See 3.5.7 (AS-204/205).

Sterilization No change.

Launch Platform N/A.

N/A.
Rendezvous and Dock N/A.

Ascent Stage Operations

Entry The CM shall be capable of controlled flight through

the Earth's atmosphere (as given in 2.5 of M-DE 8020, 008B)
This shall be possible without ex-

The design limit

entry load for all CM systems shall be a 20g deceleration.

209-774 O - 66 - 11
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3.5.1.23 Aerodynamic Characteristics No change.

3.5.1.24 landing No change.
3.5.1.25 Postlanding No change.
3.5.1.26 Recovery No change.

3.5.2 Command and Service Modules

3.5.2.,1 Structure
3.5.2.1.1 Cabin Space No change.
3.5.2.1.2 Windows No change.

3.5.2.1.3 Ingress and Egress No change except delete (a) and (b).
3.5.2.1.4 Docking N/A.

3.5.2.1.5 Thermal Requirements No change.

3.5.2.1.6 Extravehicular Mobility.Unit (EMU) Storage No change.
3.5.2.2 CSM Propulsion

3.5.2.2.1 General Thrust, specific impulse, minimum impulse and
propellants for CSM propulsion subsystems shall be as
specified in Table 3.5-1 except that SPS thrust shall be 21,500 + 215
pounds, SPS nominal vacuum specific impulse shall be 311.2 seconds
and SPS minimum vacuum specific impulse shall be 307.6 seconds,
The service life of propulsion subsystems after pre-mission testing shall
allow the engines to be fired for sufficient time to deplete propellants
available when all propellant tanks are loaded to the maximum capacity.

3.5. 2.2.2 Command Module Reaction Control Subsystem No change

except delete provisions for dumping unburned propellant.

3.5.2.2.3 Service Module Reaction Control Subsystem No change

except delete reference to LEM,

3.5.2.,2.4 Service Module Propulsion Subsystem No change except

delete reference to LEM.

CONFIDENTIAL
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3.5.2,3 CSM Communications and Tracking

3.5.2.3.1 General No change.
3.5.2.3.2 Functional Capability No change except: The LEM and EVA

references are not applicable. In 3.5.2.3.2.2 add: (qg)
Transmit the data required for postflight analysis.
3.5.2.3.3 Coverage Capability
3.5.2.3.3.1 CSM-MSFN The CSM Communication and Tracking Sys-
tems for Apollo flight missions 204 and 205 shall be able

to operate with the MSFN to achieve the coverage specified in Table

3.7-1 (204/205) of this appendix.

3.5.2.3.3.2 CSM-LEM N/A.,

3.5.2.3.3.3 CSM-EVA N/A,

3.5.2.3.4 Performance The CSM Communication and Tracking Systems
for Apollo flight missions 204 and 205 shall meet the require-

ments specified in Tables 3.5-2A (204/205) and 3.5-2B (204/205) of this

appendix,

3.5.2,4 Electrical Power Subsystem

3.5.2.4.1 General No change except delete reference to LEM.

3.5.2.4.2 Nominal Capacity No change.

3.5.2.4.3 Sizing No change.

3.5.2.4.4 Water and Oxygen Supply No change.

3.5.2.4.5 Pyrotechnic Firing Circuits No change.

3.5.2.4.6 Ground Support No change.

3.5.2.5 Integrated Navigation, Guidance and Control System

3.5.2.5.1 General No change except delete reference to Table 3.5-3.
3.5.2,5.1.1 No change.

3.5.2.5.1.2 No change.

3.5.2,5.1.3 N/A,
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3.5.2.5.1.4 No change,
3.5.2.5.1.5 The PNGCS shall:
(a) No change.
(b) No change.
(c) No change.
(d) N/A.
(e) Change "S-IC" to "S-IB" and delete "S-II."
(f) No change.
3.5.2.5.2 Accuracy The navigation, guidance and control system shall
be capable of guiding the CM during entry to the selected
point of parachute deployment within a 10 nm CEP,
3.5.2.6 Display and Control Subsystem No change except delete
3.5.2.6.6.

3.5.2.7 Environmental Control Subsystem No change.

3.5.2.8 Crew Equipment No change.

3.5.3 Lunar Excursion Module N/A,

3.5.4 Launch Escape System No change.

3.5.5 Adapter

3.5.5.1 General The Adapter shall structurally and functionally adapt
the spacecraft to the launch vehicle. A structural stiffener

shall be used in place of the LEM.

3.5.5.2 Access The Adapter shall be designed to provide access to

its interior during the prelaunch phase.
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3.5.5.3 Deployment The Adapter shall be designed to permit normal
CSM/Adapter separation and shall not interfere with launch

vehicle or spacecraft communications,

3.5.6 Extravehicular Mobility Unit

3.5.6.1 General Spacesuits of anthropomorphous design shall be

provided for the crew. These spacesuits shall provide, in
conjunction with the ECS specified in 3.5.2.7, environmental protection,
life support, communications, visibility and mobkility.

3.5.6.2 Extravehicular N/A.

3.5.6.3 Intravehicular No change,

3.5.7 Scientific Payload The spacecraft shall be capable of support=-

ing the in-flight experiments identified in Apollo Flight Mission
Assignments, M~-D MA 500-11.

3.5.8 Flight Crew Training Equipment No change.

3.6 Launch Area The requirements of this section, which are identi-
fied with LC 34 and the Direct Launch Support Facilities, are
applicable without change. All other requirements of this section are

not applicable,

3.7 Manned Space Flight Network

3.7.1 General No change.
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3.7.2 Functional Capability No change except the LEM and EVA

references are not applicable. Add to 3.7.2.3: (g) Track in

angle and range the CSM radar transponders during flight,

3.7.3 Coverage Capability The MSFN station in the launch area shall

be able to support the prelaunch checkout of the space vehicle
on the launch pad.
The MSFN shall, in Apollo flight missions 204 and 205, provide
the coverage capabilities for the:
(@) CSM as specified in Table 3.7-1 (204/205) of this appendix.
(b) Saturn IB launch vehicle as specified in Table 3.7-4 (204/205)

of this appendix.
3.7.4 Performance No change except the MSFN shall operate with
the space vehicle subsystems as specified in 3.3.5 and

3.5.2.3 of this appendix.

3.8 Mission Control Center No change.

4,0 Quality Assurance No change.
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APPENDIX 204
TABLE3.3-1
SATURN 18 LAUNCH VEHICLE COMMUNICATION AND TRACKING REQUIREMENTS
APOLLO-SATURN 204

STAGE
EQUI PMENT NUMBER OPERATING FREQUENCY
ANTENNA SUBSYSTEM MODULATION CHARACTERISTICS REMARKS
IMPLEMENTATON OF UNITS
SUBSYSTEM TRANSMIT RECEIVE
S-18 @ SEE NOTES 1, 2 AND 3
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v / N1 7777) // /// /
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i / / /// 4
COMMAND DESTRUCT | skceve o scsocs | 7w oo | omomeno P T L EE TS s o
TRACKING ODOP TRANSPONDER ONE UHF UHF FIXED DIRECTIONAL
S-1vB
@ SEE NOTES 1. 2 AND 3
TELEMETRY PCM/FM TELEMETER ONE 225-260 Mc OMM1-DIRECTIONAL PCM/FM o pOM 51T RATE SHALL BE 72 KILOBITS/SECOND
s / /7] L1777/ 77
ru/m TELEHETER one / /225-260 Me /“ULT”"-E"ED ITH OUTPUT

OF S-1VB PCM/FM TELEMETER

////////

7// // //7//

[//

7 77 7 7
.SEENOTESlAND"//////////
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P [ LLLLL LS LS
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/

//[///,
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[/ /[

Vst

(s{/m{/. e / //////

v

///////
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17//]
&

7777

///
/

! ////%w//////

7
S

SS/FM TELEMETER 225-260 Mc @ SEE NOTE
[/7/7/7/ [/ 711/ /7
@ THIS SYSTEM SHALL BE COMPATIBLE WITH RANGE SAFETY COMMAND
COMMAND DESTRUCT RECEIVER AND DECODER ™0 400-450 Mc OMN1-DIRECTIONAL TRARSMITTERS INSTALLED AT STATIONS OF THE ETR.
INSTRUMENT UNIT @ SEE NOTES 1, 2 AND 3
TELEMETRY PCM/FM TELEMETER OXE 225-260 He OMN=DRECTIONAL PCH/FM @ PCM BIT RATE SHALL BE 72 KILOBITS/SECOND
O BIT STREAM SHALL CONTAIN ALL $=1VB/IU NISSION CONTROL DATAf:
/ / // ////7 / ossEuﬂTEg|'.2'Au63'//'////
@ EXPERIMENTAL SYSTEM
I
PC"/"‘ TELE"UER ONe 2'°°"23°° Me PC" F" ppcu RIT RATE SHALL BE 72 KILORITS/SECOND
//// // // // .m; SJREAM SHALL SE IDENTIGAL WITH 1U YHF PCM/FM TELEMETER
® SEE NOTES | AND 4
MULTIPLEXED WITH OUTPUT
FM/FH TELEMETER ONE 225-260 Mc OF 1U VHF PCM/FM TELEMETER| FM/FM
14 AN 4
P(!AA/TEL/EM{TER/ OIE 4 5/ / MULTIPLEXED WITH OUTPUT / Pmlrul/ // U /
25-260 W OF 1U VHF PCM/FM TELEMETER ’ 'SEE "0755 ' "‘D y
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// / / MU/LTI/PLE/XED/NI/'I'N/OUT/PUT/
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ELEVISION TELEVISION TRANSMITTER ONE 5-BAND
NOTES: 8/ 1/686
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COMPATIBLE WITH THE INTER RANGE BE CAPABLE OF TRAMSMITTING THE PCM MULTIPLEXED OF A COMMON ANTEHNA SUB-~
INSTRUMENTATION GROUP STANDARDS 81T STREAM REQUIRED FOR REAL-TIME USE SYSTEM. WHEN MORE THAN U VHF STAGE £04 I PHENT/ FUNCT I ON
(1RIG DOCUMENT NO. 106-60 VIA COAXIAL CABLE TO THE CHECKOUT TELEMETERS ARE CARRIED, A SECOND
STELEMETRY STANDARDS REVISED 1962") FACILITY IN THE MILA PRIOR TO LIFT-OFF OMNI-DIRECT IONAL ANTENKA SUBSYSTEM CODING
AMD ViA AN RF LINK PRIOR TO AND AFTER 7
LIFT-0FF SHALL BE PROVIDED. THIS OPERAT| ONAL
-OFF. FLIGHT VEHICLE
2. ALL PCM TELEMETRY SUBSYSTEMS SHALL 4. THIS TELEMETRY SUBSYSTEM SHALL €. NOT PRESENTLY SCHEDULED FOR OPERATIONAL
BE DESIGNED TO PROVIDE AN ERROR TRANSMIT DATA REQUIRED ONLY FOR SATURN 1B LAUNCH VEHICLES. HOWEVER, REQUIRED REQUIRED
RATE NOT EXCEEDING ONE BIT [N 108 POST-MISSION ANALYSIS VIA AM RF PROVISIONS T0 CARRY THIS TELEMETER SHALL
BITS FOR TRANSMISSIONS TO THE MSFK LINK. BE INCORPORATED ON ALL SATURN 1B LAUNCH or %
AS MEASURED FROM LAUNCH VEHICLE VEKICLES THROUGH AS-207. REQUIRED REQUIRED
EHCODER TO EARTH-BASED DECODER.
NOT
REQU | RED REQUIRED /\/
w7 NOT
REQUIRED REOUIRED

TABLE 3.3-1
APOLLO SATURN 201
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TABLE 3.5 -2A

CSM COMMUNICATIONS AND TRACKING REQUIREMENTS
APOLLO-SATURN 204/205

NUMBER OPERATING FREQUENCY
SUBSYSTEM EQUIPMENT Of ANTENNA SUBSYSTEM MODULATION CHARACTERISTICS REMARKS
VOICE COMMUNICATIONS
(SEE NOTE 1) UNIFIED S-BAND SYSTEM @ SEE TABLE 3.5-28 FOR REQUIREMENTS
© ALYERNATE MEAR-EARTH VOICE COMMUNICATIONS CHANNEL YIA
SINPLEX MODE OF OPERATION
® PriusRy ;u:}rfaumwmus CHAMMEL WITH LEM VIA SIMPLEX
WODE
WITH MSFN VHF TRANSCEIVER #1 ONE VHF VNF OMMN 1 -DI RECT IONAL DSBAN TRANSHIT .:71":‘:;:'“’""“ FOR DUPLEX voIcE IcATIOnS
DSBAM RECEIVE © ALTERNATE BACK-UP FOR VOICE COMMUNICATIONS WITH EVA VIA
SIMPLEX WODE OF OPERATION
@ ALTERNATE YOICE COMMUNICATIONS CHANNEL WiTH RECOVERY
FORCES ¥IA SIMPLEX MODE OF OPERATION
— @ PROYIDES BEACOR MODE OF OPERATION FOR DF AFTER LANDING
" ; , our :
l WITH MSFN VHE TRANSCEIVER 32 e vHF : NULTIPLEXED WiTH OSRMN TRANSMIT g‘&i}s?ﬂ‘“ﬂ:’ﬁ‘l‘?ﬂ’:{:&;mﬂ”ﬂ‘u
{ I g TRANSCEIVER#| DSMAN RECEIVE © SEE "VOICE COMMIN{CATIONS WITH LEM®
| — 1 G W
| WITH LEM YNF TRANSCEIVER #1 VHF F @ SEE "YOICE COMMUNICATIONS WITH MSFN"
- ® BACK-UP YOICE COMMUNICATIONS CHANNEL WITH LEN VIA SIMPLE
| MODE OF OPERATION
: ® RECEIVES LEN FOLMM DATA
I WITH LEM VHF TRANSCEIVER $2 one e ™ WRIILE Mt T | @ PRINARY RECEIVER FOR DUPLEX YOICE COMWMICATIONS WITH EvA]
| ogt':&v:s €vA BIOMEDICAL DATA SIMULTANEOUSLY WiTH EVA
l : © SLTENNATE BACK-UP FOR VOICE COMMURICATIONS WITH E¥A ViA
| | » . SIMPLEX WODE GF OPERATIONS
r—- — ow— - s maes
1 WITH EVA VHF TRANSCEIVER #1 VHF VHF @ SEE "VOICE COMMUNICATIONS WITH MSFN*
o \ -
| WITHEVA VNF TRANSCECYER 2 vef L g © SEE "YOICE COMMMICATIONS WITH LEN®
i
. @ PROVIDES BEACON MODE OF OPERATION FOR DF AFTER LANDING
WITH RECOVERY FORCES HF TRANSCEIVER OnE HF e 0NN 1-DIRECTIONAL oW, sse @ HF RECOVERY ANTENNA DEPLOYED AFTER LANDING
MULTIPLEXED WITH VHF . .
WITH RECOVERY FORCES VYHF TRANSCEIVER #1 3 YHF prriA L ® SEE "VOICE COMMUNICATIONS WITH KSFN
- -
KEY ING COMMUNICATIONS
TO MSFN UNTFIED S-BAND SYSTEM @ SEE TASLE 3.5-28 FOR REQUIREMENTS
TELEMETRY
TO MSFN UNIFSED S-BAND SYSTEM © SEE TABLE 3.5-28 FOR REQUIREMENTS
| —' SUTILIZED FOR VOICE AND DATA. mmmm SINULATI ON punina]
S 1 T _ e ¥ & D FLIGNT PROGIAN
o - S FOSEETNOICE SOMRRICATIANS WITH e
o o papppanpgmyee T //, 7
/ / vs o 512 ‘fé % /
YOMSAI ; /777“’"“ ; // ThNSCEIVER g1 Wz-C Ehi L B TR '"‘- *rslszcm 7 ) 70 )" A’
LAYBAGK OF BECQROED
TO} SF n\n, /,\:,\,: yu&mu mmc’:"fv‘zznn,‘m r\m/ lr Tmsuns DATA REQUIRED ONLY FOR POST-FLIGHY aNALYS!
LN XY XX 4 \L
77 /7 /7 / & CARRIED A3-205 ONLY.
brwid Uyl ////////4//// I S f
r ®36¢ wolce COMINICATIONS WITH LEN®
| FROM LEM VHF TRANSCEIVER 32 ¥HF PON/ Mt @ SEE NOTE
! . orcu BT am OF 1.8 KiLOBITS/SECOND
VHF TRARSCEIVER #2 vaF M/ AM @ SEE "VOICE COMMUNICATIONS WETN LEM™:

© SEE TABLE 3.5-28 FOR REQUIREMENTS

g;‘z“‘ [/ c“"“‘"“"“{7/// /{// =77/ LML s vt [
sl Y S e IU TTU asld YA A T A X iy A,

USRI SRR

TELEVISION
TO MSFN UNIFIED $-BAND SYSTEM © SEE TABLE 3.5-28 FOR REQUIREMENTS
U(';-EIE"}ETE 6) FROM MSFN UNIFIED S-BAND SYSTEM @ SEE TABLE 3.5-28 FOR REQUIREMENTS
Crr IV 7777777 // /777 ([ 7777777777777/ /
| FROM MSFN m m A CODER ONE / /// /wo-l / mnsc:lv:n !l//// ///// x/ru/////// ©SURCODED S-B1T WORDS AT 1000 81TS/3ECOND / / /
PN, Vi 77 L ///707 JN-FLIGHT ANTENNA / [ 777177207 2227707
NG AID
TRACKING Al TO MSFN UNEFIED S-BAND SYSTEM j? © SEE TABLE 3.5-28 FOR REQUIRENENTS
-7
st [t / U U I il
Sy }""““““ / Vi W w8 VI Jar iy i i /] LY s gmpsrmnys, 7 J oy )]
* £ i §
1. TolEm | vemEIvs tisa T OO RECT10NAL M RECEIVE o THAEE-TONE RAKGE COOE AND COMERENT CaNRIER wu—mm X
i TRANSPONOER " OTRANSNIT
BEACON © YHF RECOVERY ANTEMNA DEPLOYED AT MAIN CHUTE DEPLOYMENT
TO RECOVERY FORCES VHF BEACON onE VYHF 0NN 1-DIRECT IOWAL ™ @ BEACON IS MULTIPLEXED WITH TRANSCEIVER #1 AFTER ENTRY
TO RECOVERY FORCES NF TRAMSCEIVER " ® SEE "VOICE COMMUNICATIONS WITH RECOVERY FORCES®
TO RECOVERY FORCES VHF TRANSCEIVER #) e f."‘sz&:‘E:?Z.:i'ﬂr?!: EnTRY © SEE "VOICE COMMUMICATIONS WITH MSFR"
NOTES: 3/1/68
). THE MINIMUM WORD INTELLIGIBILITY SWALL 3. THIS TELEMETRY SUBSYSTEM S. THIS PCM TELEMETRY SUBSYSTEM SHALL BE LEQEND
BE 90% FOR WORMAL YOICE COMMUN|CATIONS SHALL BE COMPATIBLE WITH THE BE CAPABLE OF TRANSMITTIHG THE PCN BIT
AND 70% FOR BACK-UP COMMUNICATIONS AS INTER RANGE INSTRUMENTATION STREAM REQUIRED FOR REAL-TIME USE VIA EQUIPMENT/FUNCT 10M
MEASURED BY USER PERSONNEL UNOER GROUP STANDARDS (IRIG COAXIAL CABLE TO THE CNECKOUT FACILITY
SIMILATED OPERATING COWDITIONS UTI- DOCUMENT N0, 106-60, "TEL- TN THE MILA PRIOR TO LIFT-OFF AND VIA
LIZING THE AMERICAN STANDARD METHOD METRY STANDARDS REVISED AN RF LIRK PRIOR TO AND AFTER LIFT-OFF. C00INg
FOR MEASUREMENT OF MONOSYLLABIC WORD 1962%) THIS LUNAR
INTELLIGIBILITY DATED MAY 25, i960. FLIGHT NISSION
2. THE TELEMETRY SUBSYSTEM SWALL BE DESIGNED .. m macmv SUBSYSTEM SHALL BE DESIGNED 6. M0 MORE THAW OME CORRECT MESSASE SHALL BE
TO PROVIDE AN ERROR RATE MOT EXCEEDING DE AN EXROR RATE WOT EXCEEDING ONE REJECTED PER 1000 CORRECT MESSAGES AND WO REQUIRED REQUIRED
ONE 81T IN 108 BITS FOR TRANSHISSIONS TO m m 108 BITS FOR PCM TELEMETRY TRANS- WORE THAN ONE PER 0% INCORRECT MESSAGES SHALL
THE MSFN AS MEASURED FORM CSM ENCODER TO MISSION TO THE CSM AS MEASURED FROM LEM BE ACCEPTED. w7
MSFN DECODER. ENCODER TO THE CSM RECORDER. REQUIRED REQYIRED
woT
REQUIRED REQUIRED
woT NOT
REQUIRED REOUIRED

TABLE 3.8-2A
APOLLO-SATURN 208/ 208
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APPENDIX 204/205
TABLE 3.5 -28B
CSM UNIFIED S-BAND COMMUNICATIONS AND TRACKING REQUIREMENTS
APOLLO-SATURN 204205

OPERATING FREQUENCY

NUMBER DULA
SUBSYSTEM IME’(IJ.?AII;:ﬂIlTION OF ANTENNA SUBSYSTEM CH%AS#EJ:??ICS REMARKS
UNITS TRANSMIT RECEIVE
VOICE COMMUNICATIONS
(SEE NOTE 1 ol TRANSHIT - © Ve Fhou THE MPH M N THE RATIO OF DN0:22
WITH MSEN P TRANSPONDER ™o _— S-8AND T T 1 ABLE 1.25 Mc SUBCARRIER ® RELAY YOICE AND TELEMETRY COMAIKICATIONS WITH EVA
sEomioTH FuIP RECEIVE @ BACKUP RELAY OF VOICE COMMUNICATIONS WITK LEN

30 Kc SUBCARRIER
® TRANSPONDER ALSO PROYIDES FOR TELEMETRY TRAMSHISSiON,
KEYED TRANSMISSION, UP-DATA RECEPTION AKD TRACKING

ASSISTANCE TO THE MSFN,

© EMERGENCY YOICE TRANSNISSION
P TRANSHI Y © THIS CAPABILITY IS PROVIOED QNLY WHEN THE CAPAB(L-
AT SASEBAND ITY FON SIMILTANEOUS PN AND P S-BAND TRANSM1SSIOK
18 PROVIDED.
® DMEREENLY VOLCE RECEPTION
M /PH RECEIVE @ TNIS CAPABILITY IS PRO¥IDED QNLY WHMEN THE CAPARILITY
70 Kc SHACARREER FOR SIMULTAMEQUS PM AND Fi S-BAND TRANSMISSION 48

PROYIDED
® SEE "UP-DATA FROM WSFR™

777777777
/ /Tn/ls/TlA{su/IT{ER/OP{lATES O% THE SAME rn{ou:ncv A{T{E / A
/. TRAMSPONDER, THEREFORE 1T |5 PROVIDED OWLY OX THOSE FLIGHTS
WULTIPLEXED WITH FOR WHICH SINULTANEOUS PM AND FW S-BAMD TRANSHISSION (S

S-GAND TRANSPONDER ,IOT REQUIRED.

W / T s

/ ¥OICE RECEPTION IS ACHIEVED VIA PM RECEPTION OF 30 Ke

KEYING COMMUNICATIONS @ SEE "VOICE COMMUNICATIONS WITH MSFN*
TO MSFN PM TRANSPONDER $-BAND WM/ P
512 Kc SUBCARRIER © TRANSMITTED ALONE - BACKUP FOR YOICE TRANSM)SSION
TELEMETRY @ SEE "VOICE COMMUNICATIONS WITH MSFN"
PCM/ PH/ P @ SELECTABLE 81T RATES OF 51.2 KILOBITS/SECOND AND
1.024 Mc SUBCARRIER 1.6 KILOBITS/SECOND

MNRZ-C SERIAL BIT STREAM @ SEE NOTES 2 AND 3

TO MSFN PM TRANSPONDER S-8A¥D

@ SEE "VOICE COMMUNICATIONS WITH MSFN*

7 SU!CA:‘FI:‘;NOI 1.25 Mc @ RELAY OF COMPOSITE E¥A YOICE AND 7 CHANNELS OF EVA
YOICE SUSCARRIER TELEMETRY ON YOICE SUBCARRIER WHEN SIMULTANEOUS PM
AND FM S-BAND TRANSMISSION CAPABILITY IS PROVIDED.

~.

N\
N

SUBCARR I ER

@ SIX ADDITIONAL SUBCARRIERS ARE ALSO A\'All.ﬂlf

/ // / / /) // 7 7 / ///«ﬂ,/m/////;tliiilﬁ'.ﬁ W“/////
iy s s N /1 /)1
/7 /il /1 e o it/

o A8 o,

tS REQUIRED.

£

I TO MSFN FM TRANSHITTER #2 orE $-8AND MULTIPLEXED WITH PHEEN
© TRANSMITTER ALSO PROYIDES FOR TELEVISION AND TAPE
S-8AND TRANSPOMDER ‘ : 95 Ke, 12% l::, sles X ettty

l ANTEMNR SYSTEM
® PROYIDES 3 CHAMNELS OF REAL TINE SCIENTIFIC DATA
TRANSHISSION TO THE MSFR :

|
vy Wi il
VL /[ )
% /// // Jesced sass Y
/ /_' 3 e LS, w1111/,

VNN /'/77"///// ///,

@ SEE TELEMETRY TO MSFR®

I o
95 Ce, 126 Ko. 185 Ke ® RECORDED SCIENTIFIC DATA - 3 CHANNELS
I SUBCARRSERS
| TO MSFN M TRANSMITTER #2 S-BAR0 P @ RECORDED YOICE
{ PON/PHIRN ©® RECORDED CSM #OW TELENETAY AT APPARENT
' ; 1,028 Mc SUBCARRIER §0.2 KILOBITSISECOND
I ™ © RECOROELD LEN J.6 XILORITS [SECOND POM TELEMETRY AT
| AT BASERAND APPARENT 51,2 KILOBITS/SECOND
TELEVISION ¥ T/MSIF// /77777 / // 4 /_ /il / V// /77777777777 4
l 0 MSFN /FN TRANSMITTER #1 S-BAN / / / AT BAETANG / @ SEE "VOICE COMMUNICATIONS WITH MSFN® /
LLL LLLLL L [LLI777 LLLLLI
_ m . . | ! !
I tomsen FM TRANSMITTER #2 S-8A%0 AT aateRAND © SEE TELDHTEY TO MSFN !
UP-DATA
© SEE "VOICE COMMUNICATIONS WITH MSFR"
(SEE NOTE4)  FROM MSFN PHTRANSPONDER s-BAND etk fed
OM MS 70 Xc SUBCARRIER ® SUBCODED 5-BIT WORDS AT 1000 BITS'SECOND
TRACKING AID M RECEIVE
— © SEE "VOICE COMMNICATIONS WITH MSFN"
M TRAN % g PRN CODE AT BASEBAND
TO MSFN SPONDER $-8AND S-BAND M TRANSMIT- ©® CONERENT TURN-AROUND CARRIER
PRN COOE AT BASEBAND ® COHERENT TURN-AROUND RANGE CODE
3/1/66
NOTES:
1. IUE WINIMM NORD IWTELLIGIDILITY SHALL bE 3. THE PCM TELEMETRY SUASYSTEM SHALL AL LEGEND
¢ 1 | AND Af
707 FOR BACK-UP COMMUNICATIONS AS MEASURED o A I P T arheM
REQUIRED FOR REAL-TIME USE ¥IA COAXIAL QU PMENT/FUNCT (O
BY USER PERSOMNEL UNDER SIMILATED OPERATING CABLE TO THE CHECKOUT FAC s W
CONDITIONS UTILiZING THE AMERICAN STANDARD JLITY (A THE MILA
WETHOD FOR MEASUPFMENT OF MONOSYLLABIC WORD PRIOR TO LIFT-OFF AND YIA AN RF LINK PRIOR CODING
INTELLIGIBILITY D.TED MAY 25, 1960 TO AND AFTER LiFT-FF.
™S LUNAR
FLIGHT NISSION
2. THE TELEMETRY SURSYSTEM SHALL BE OESIGNED & THE UP-DATA SUBSYSTEN SWALL BE DESIGNED (N REQU) RED REQUIRED
T0 PROVIDE AN ERROR RATE NOT EXCEENING ONE CONJURCTION XITH STATIONS OF THE MSFN SUCH THAT o w
RIT IN 106 B1TS FOR PCH TELEMETRY TRANS- NO MORE THAN ONE CORRECT MESSAGE SHALL BE
NISSIONS T0 STATIONS OF THE MSFK AS MEASURED REJECTED PER 1000 CORRECT MESSAGES AND THAT wor
FPON CSH EWCODER TO MSFN DECODER. N0 MORE THAN ONE PER 109 INCORRECT MESSAGES REQUIRED REQUIRED /
SHALL BE ACCEPTED.
not
REQUIRED REQU IRED
"M [0
REQUIRED REQUIRED
TABLE 3,5-28

APOLLO-SATURN 204/205
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COVERAGE SHALL CONTINUE FOR

APPENDIX 204/205
TABLE 3.7-4

APOLLO-SATURN 204/205

REQUIRED SATURN IB LAUNCH VEHICLE COVERAGE

[} 5 5
PHASE IEND OF S-1vel o coqn | S-tvelfiu .
SUBSYSTEM S RN MiNures [EARTH oRg| CHECKOUT 1 STPARAT 0w
VHF TELEMETRY
S-1B '
.

S-1VB W
° 7

/

TELEMETRY 6

U

LTI

COMMAND DESTRUCT

S-1B

S-1VB

v

UHF UP-DATA

)

u 7/// //////A

C-BAND 3 //// /
0DOP 7/////3;

AZUSA W/ ////;

THE END OF BURN.

AT LEAST ONE MINUTE AFTER

Y THE GAP BETWEEN CONTACTS SHALL BE NO

GREATER THAN 1/2 ORBIT. CONTACTS SHALL
BE AT LEAST 3 MINUTES LONG.

CONTINUOUS COVERAGE UNTIL YHE PREDICTED IMPACT

POINT OF THE VEHICLE IS OUTSIDE AREAS SPECIFIED 5

BY RANGE SAFETY.

TWO LAUNCH VEHICLE TRANSPONDERS SHALL BE

TRACKED CONTINUOUSLY TO SATISFY RANGE SAFETY

REQUIREMENTS.

THIS REQUIREMENT MAY BE SATISFIED DURING

AN ORBITAL CONTACT.

6 EXPERIMENTAL SYSTEM -

NOT REQUIRED ON AS-205.

L

3/1/66

'III PARTIAL COVERAGE

CONTINUOUS COVERAGE

NOT REQUIRED

TABLE 3.7-4

APOLLO-SATURN 204/205



206-1 March 1, 1966

Apollo Saturn Mission 206

1.0 Scope This appendix to the Apollo Program Specification identi-

fies the performance, design and test requirements which apply to
the Program elements to be utilized for Apollo Saturn Mission 206 (AS-
206). These requirements are presented in this appendix as deviations
to the requirements specified in the body of the specification. Unless
otherwise noted, the paragraphs in this appendix replace in their en-
tirety the identically numbered paragraphs in the body of the specifica-
tion,

1.1 Applicability No change. (1)

1.2 Change Approval No change.

2.0 Applicable Documents No change.

3.0 Requirements

3.1 Performance

3.1.1 Characteristics

3.1.1.1 General Add: To the extent practicable, the hardware used
on AS-206 shall be of the same design as the operational

version,

(1) The phrase "no change" is used after a section heading throughout
this appendix to mean that the requirement in the body of the specifica-
tion applies to this mission without change.
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Apollo Saturn Mission 206

3.1.1.2 Mission Performance

3,1.1.2.1 Mission Mode For this mission an unmanned Apollo space-

craft, which includes a boilerplate CSM and a LEM, shall
be launched from the Cape Kennedy launch area (LC 37B) by a Saturn IB
launch vehicle. The Saturn IB consists of an S-IB first stage, an S-IVB
(Saturn IB version) second stage and an IU (Saturn IB version). The
boilerplate CSM shall be separated from the remainder of the space
vehicle by the Launch Escape System during the ascent to Earth orbit.
After insertion into Earth orbit, the LEM shall be separated from the re-
mainder of the space vehicle and both the ascent and descent stages
operated while in Earth orbit. No recovery of flight hardware is required.

3.1.1.2.2 Mission Command A Mission Control Programmer shall be

provided on board the LEM which, in conjunction with the
LEM guidance computer, shall provide spacecraft commands as neces-
sary for accomplishment of the mission. The Mission Control Program-
mer shall be capable, independent of the LEM guidance computer, of
receiving signals from ground-based personnel as a backup. The MSFN
shall be used for communication with the space vehicle, including up-
data transmission and television, telemetry and simulated voice re-
ception, and for tracking of the space vehicle (the existing configuration
of launch vehicle stages and spacecraft modules at a given point in the
mission) during the mission.
3.1.1.2.3 Payload The payload for this mission shall include a

boilerplate CSM and a LEM. The objectives shall include
those identified in Apollo Flight Mission Assignments, M-D MA 500-11.
3.1.1.2.4 Earth Launch Launch capability shall be provided to permit

an initial flight azimuth of 0720.
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3.1.1.2.5 Earth Parking Orbit The capability shall be provided to

perform the mission using an elliptical orbit with a nominal
apogee of 120 nm and a nominal perigee of 85 nm (after S-IVB insertion)
and higher altitude orbits, not to exceed 300 nm, using the LEM for
maneuvering subsequent to separation from the launch vehicle.
3.1.1.2.6 Injection Opportunities Not applicable (N/A). (2)
3.1.1.2,7 Lunar Landing Accuracy N/A. See 3.1.1.1 (AS-206).
3.1.1.2.8 Lunar Exploration N/A,
3.1.1.2.9 Earth Landing N/A,

3.1.1.2.10 Recovery N/A.

3.1.2 Program Definition No change.
3.1.3 Operability

3.1.3.1 Logistics No change.

3.1.3.2 Safﬂ No change.

3.1.3.3 Reliability The numerical reliability values for mission suc-
cess given in Table 3.'1-2 shall be used where applicable

for engineering design and as a standard for evaluating test results. The

success probability for the S-IB stage shall be at least 0.95.

On Table 3.1-2 change note 1 to: The preflight phase begins
with the decision to start the countdown for launch and ends with launch,
Change note 2 to: The flight phase begins with space vehicle liftoff
from the launch pad and terminates with conclusion of the LEM experi-

ments.

(2) The phrase "not applicable" is used after a section heading through-
out this appendix to mean that the requirement in the body of the speci-
fication does not apply to this mission.
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3.2 Program Standards No change.

3.3 Saturn IB Launch Vehicle

3.3.1 General No change except launch vehicle control weights
shall be as specified for AS-206 in Table 10.1-1, Appendix
10.1.
3.3.1.1 Payload The launch vehicle shall provide the payload
capability specified for AS-206 in Table 10.1~1, Appendix
10.1.
3.3.1.2 Standby Time No change.

3.3.1.3 Prelaunch Checkout No change.

3.3.1.4 In-Flight Performance Evaluation No change.

3.3.1.5 Emergency Detection Subsystem No change exceptthat EDS

information shall not be provided for display to the crew

and the EDS shall be operated in an open-loop mode.

3.3.1.6 Instrumentation Delete reference to the crew,
3.3.1.7 Command Destruct No change.

3.3.1.8 Electrical Power No change.

3.3.2 Structure No change.

3.3.2.1 Prelaunch Environment No change.

3.3.2,2 Launch and Flight Environment The launch vehicle shall be

capable of being launched in the 90 percentile peak surface
wind conditions given in 2.3.2.3 of M=-DE 8020.008B and associated
wind shears given in 2.3.2.4 of M-DE 8020.008B. The launch vehicle
shall be capable of flight in the 95 percentile quasi-steady state in-
flight winds given in 2.3.2.5 of M-DE 8020,008B. In addition, the
vehicle shall be capable of flight with 85 percent of the 99 percentile
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wind shears given in 2.3.2.5 of M-DE 8020.008B, and with 85 percent
of the quasi-square wave gust given in 2.3.2.8 of M-DE 8020, 008B,
both superimposed on the 95 percentile quasi-steady state in-flight

winds given in 2,3.2.5 of M-DE 8020.008B.

3.3.3 Propulsion No change.
3.3.4 Launch Vehicle Guidance, Navigation and Control
3.3.4,1 General The launch vehicle guidance, navigation and con-

trol system shall provide the guidance, navigation and con-
trol functions which are required for the space vehicle from liftoff through
separation of the LEM from the launch vehicle. The principal elements
shall be an inertial measurement unit (IMU), a digital computer and con-
trol electronics. These elements shall be located in the IU.
3.3.4.1.1 No change.
3.3.4.1.2 N/A.

3.3.5 Saturn IB Launch Vehicle Communications and Tracking

3.3.5.1 General Add: (e) Television transmission.

3¢3.5,2 Functional Capability Add the following paragraph:

3.3.5.2.5 Television A television subsystem shall be provided in
the IU which shall be able to provide television coverage
of the separation of the LEM from the S-IVB/IU.

3.3.5.3 Coverage Capability The Saturn IB Communication and

Tracking System shall be able to operate with the MSFN to

achieve the coverage specified in Table 3.7-4 (206) of this appendix.
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3.3.5.4 Performance The Saturn IB Communication and Tracking
System shall meet the requirements specified in Table 3.3-1

(206) of this appendix.

3.4 Saturn V Launch Vehicle N/A.

3.5 Spacecraft
3.5.1 General The spacecraft shall be composed of a boilerplate

CSM, a LES, an Adapter and @ LEM. The spacecraft shall be
designed to be mated to a Saturn IB launch vehicle., The boilerplate
‘CSM shall act as an aerodynamic shroud during the initial phase of the
launch and will be jettisoned with the LES. The LEM shall be composed

of an ascent stage and a descent stage.

Spacecraft control weights shall be as specified for AS-206
in Table 10,1-3, Appendix 10.1.
3.5.1.1 Prelaunch Environment No change.

3.5.1.2 Prelaunch Checkout No change.

3.5.1.3 In~-Flight Performance Evaluation No change.

3.5.1.4 Standby Time The spacecraft shall have the capability to

stand by in a loaded condition, after launch vehicle pro-
pellant loading, for 10 hours and still perform the mission.

3.5.1.5 Launch and Flight Environment The spacecraft shall be

capable of being launched in the 90 percentile peak surface
wind conditions given in 2.3.2.3 of M-DE 8020.008B and associated
wind shears given in 2.3.2.4 of M-DE 8020.008B. The spacecraft shall
be capable of flight in the 95 percentile quasi-steady state in-flight
winds given in 2.3.2.5 of M-DE 8020,008B, In addition, the spacecraft
shall be capable of flight with 85 percent of the 99 percentile wind shears
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given in 2.3.2.6 of M-DE 8020,008B, and with 85 percent of the quasi-

square wave gust given in 2,.3.2,.8 of M-DE 8020.008B, both superim-

posed on the 95 percentile quasi-steady state in-flight winds given in

3.5.1.6
3.5.1.7
3.5.1.8
3.5.1.9
3.5.1.10

3.5.1.11

Earth Orbit Environment No change.

Translunar Environment N/A, See 3.1.1.1 (AS-206).

Transposition N/A,

One-Man Operation N/A.
CSM/LEM Abort N/A,

Separation Time All LEM subsystems shall be ca

meeting their performance requirements, while separated

from the S-IVB and Adapter, for at least the time necessary to achieve

the objectives specified in 3.1,1,2.3 (AS-206).

3.5.1.12
3.5.1.13
3.5.1.14
3.5.1.15
3.5.1.16

8020.008B.

3.5.1,17
3.5.1,18
3.5.1.19
3.5.1.20

Descent Abort N/A.

Translational Range N/A.,

Lunar Environment N/A, See 3.1.1.1 (AS-206).
Lunar Landing N/A. See 3.1.1.1 (AS-206).

Lunar Operations The LEM shall be capable of accommo-

dating the temperature of lunar day as given in 5.7 of M-DE

Scientific Equipment Support N/A.

Sterilization No change.

Launch Platform N/A.

Ascent Stage Operations Using the LEM Ascent Propulsion

Subsystem, the ascent stage shall be capable of separating

from the descent stage during Earth orbit. The ascent stage shall be

capable of operation independent of the descent stage for at leastthe time

necessary to achieve the objectives specified in 3.1.1.2,3 (AS-206).

209-774 O - 66 - 12
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3.5.1.21 Rendezvous and Dock N/A.
3.5.1.22 Entry N/A.

3.5.1.23 Aerodynamic Characteristics N/A.
3.5.1.24 Landing N/A.

3.5.1.25 Postlanding N/A.

3.5.1.26 Recovery N/A.

3.5.2 Command and Service Modules A boilerplate CSM will be

used as an aerodynamic shroud during the initial phase of the

mission. It will be jettisoned with the LES,

3.5.3 Lunar Excursion Module

3.5.3.1 Structure

3.5.3.1.1 Cabin Space N/A. See 3.1.1.1 (AS-206).
3.5.3.1.2 Windows N/A. See 3.1.1.1 (AS-206).
3.5.3.1.3 Ingress and Egress N/A. See 3.1.1.1 (AS-206).
3.5.3.1.4 Docking N/A.

3.5.3.1.5 Thermal Requirements No change.
3.5.3.1.6 EMU Storage N/A.
3.5.3.2 LEM Propulsion

3.5.3.2.1 General No change except that AV numbers in Table 3.5-1
are not applicable.

3.5.3.2.2 LEM Reaction Control Subsystem The LEM RCS shall pro-

vide thrust for translation along three axes and attitude
control about three axes during descent and ascent engine operations.
There shall be two separate, redundant subsystems., See 3.1.1.1
(AS-206).
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3.5.3.2.3 LEM Descent Propulsion Subsystem The LEM Descent

Propulsion Subsystem shall provide the propulsion neces-
sary to support the mission requirements of 3.1.1.2.3 (AS-206).

3.5.3.2.4 LEM Ascent Propulsion Subsystem The LEM Ascent Pro-

pulsion Subsystem shall provide the propulsion necessary
to support the mission requirements of 3.1.1.2.3 (AS-206).

3.5.3.3 LEM Communications and Tracking

3.5.3.3.1 General The LEM Communication and Tracking System

shall provide the following capabilities:

(b) Telemetry transmission and reception,
(c) Tracking aid.
(d) Up-data reception.

3.5.3.3.2 Functional Capability

3.5.3.3.2,1 Voice Communication The voice communication sub-

system shall be able to provide simulated voice com-
munications from the LEM to the MSFN.
3.5.3.3.2.2 Telemetry The telemetry subsystem shall be able to:
(@) Transmit operational data from the LEM to the MSFN at a high
and a low bit data rate.
(b) Transmit the data required for postflight analysis.
3.5.3.3.2.3 Tracking and Tracking Aid The tracking aid subsystem
shall enable the MSFN to track the LEM,
3.5.3.3.2.4  Television N/A,
3.5.3.3.2.5 Up-Data The up-data subsystem shall be able to:

(@) Receive data from the MSFN,
(b) Supply up-data verification signals to the MSFN via the LEM

telemetry subsystem,
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3.5.3.3.3 Coverage Capability
3.5.3.3.3.1 LEM-MSFN The LEM Communication and Tracking

System shall be able to operate with the MSFN to achieve
the coverage specified in Table 3.7-2 (206) of this appendix,
3.5.3.3.3.2 LEM-CSM N/A,
3.5.3.3.3.3 LEM-EVA N/A,
3.5.3.3.3.4  LEM-Lunar Surface N/A,

3.5.3.3.4 Performance The LEM Communication and Tracking System
shall meet the requirements specified in Tables 3,5-4A

(206) and 3.5-4B (206) of this appendix.

3.5.3.4 Electrical Power Subsystem

3.5.3.4.1 General The LEM EPS shall distribute the electrical power

required by the LEM during all phases of the mission. The
source of power shall be EPS batteries located in the ascent and descent
stages,

3.5.3.4.2 Sizing The power generation subsystem shall contain four

descent-stage batteries and two ascent-stage batteries.

3.5.3.4.3 Nominal Capacity No change.

3.5.3.4.4 Pyrotechnic Firing Circuits No change,

3¢5¢3.4.5 Ground Support No change.

3.5.3.5 Integrated Navigation, Guidance and Control System

3.5.3.5.1 General The navigation, guidance and control system

shall be composed of the LEM Primary Navigation, Guidance
and Control System (PNGCS) and the LEM Stabilization and Control Sys-
tem (SCS) with common usage of some elements.

The PNGCS and the SCS shall be used in conjunction with
the Mission Control Programmer (MCP) to provide the LEM with the capa-
bility of executing unmanned Apollo Saturn 206 flight sequences after LEM
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separation from the rest of the space vehicle. The MCP and SCS shall
also provide LEM control in the event of PNGCS failure.
LEMrcontrol during the mission shall be provided by the
LEM Guidance Computer in conjunction with the MCP. The guidance
computer shall initiate LEM guidance and control functions., As a backup,
the MCP shall be able to accept certain discrete ground commands inde-
pendent of the PNGCS so as to provide LEM control.
3.5.3.5.1.1 The principal elements of the PNGCS shall be an IMU,
a digital computer, an optical subsystem and controls,
3.5.3.5.1.2 The principal elements of the SCS shall be gyroscopes,
an accelerometer rigidly mounted to the LEM structure,
control electronics and controls,
3.5.3.5.1.3 The PNGCS shall provide means for checkout on the
launch pad utilizing the prelaunch checkout equipment,
3.5.3.5.1.4 The PNGCS shall:
(@) Permit the guidance computer to accept command and navigation
data from the MSFN via up~-data link.
(b) Provide for prelaunch alignment of the PNGCS IMU,
3.5.3.5.2 Accuracy N/A. See 3.1.1.1 (AS-206).
3.5.3.6 Display and Control (D&C) Subsystem N/A.

3.5.3.7 Environmental Control Subsystem The LEM shall be equipped

with a nonregenerative ECS which shall provide a conditioned
atmosphere, water management and thermal control of equipment when
needed,

3.5.3.7.1 Extravehicular Operations N/A.

3.5.3.7.2 Atmospheric Supply No change except delete references

to the crew,
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3.5.3.7.3 Water Management Water shall be stored on board at

launch for maintaining thermal control of equipment,
3.5.3.7.4 EMU Support N/A.
3.5.3.8 Crew Equipment N/A.

3.5.4 Launch Escape System

3.5.4.1 The LES shall be capable of removing the boilerplate CSM

from the space vehicle after S-IVB ignition and providing
sufficient separation distance to avoid interference with the space
vehicle,

3.5.4.2 N/A.

3.5.5 Adapter

3.5.5.1 General No change.

3.5.5.2 Access No change.

3.5.5.3 Deployment The Adapter shall be designed to permit the
boilerplate CSM to separate from the Adapter and LEM using

the LES. The Adapter design shall also permit the LEM to be separated

from the Adapter without aid from the CSM. The Adapter shall not inter-

fere with launch vehicle or spacecraft communications.

3.5.5.4 Television Television cameras as specified in 3.3.5.2.5
of this appendix shall be capable of providing television

coverage of the separation of the LEM from the S-IVB/IU.

3.5.6 Extravehicular Mobility Unit N/A.

3.5.7 Scientific Payload The spacecraft shall be capable of sup-

porting the in-flight experiments identified in Apollo Flight
Mission Assignments, M-D MA 500-11,
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3.5.8 Flight Crew Training Equipment N/A.

3.6 Launch Area Only the requirements which are identified with
LC 37B and the Direct Launch Support Facilities are applicable

with the following exceptions:

3.6.3 Launch Complexes 34 and 37B Launch of manned Apollo

Saturn IB space vehicles shall not be a requirement for this
mission,
3.6.3.1 Launch Pad and Umbilical Tower (c) N/A. See 3.1.1.1
(AS-206).

3.645.1 Operations and Checkout Building (e) Monitoring astronaut

performance shall not be a requirement for this mission.

3.7 Manned Space Flight Network

3.7.1 General No change.

3.7.2 Functional Capability

3.7.2.1 Voice Communications The voice communications subsystem

shall enable:

(@) Simulated voice communications from the LEM to the MCC.

(b) Duplex, 4-wire voice communications between MSFN stations
and the MCC,

3e742,2 Telemetry The telemetry subsystem shall be able to receive:

(a) High or low bit rate operational telemetry from the LEM.

(b) Operational telemetry from each stage of the launch vehicle and
the IU simultaneously with (a).

(c) Engineering data from the space vehicle simultaneously with (a)

and (b).
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(a)

(b)
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(d)
(e)

3.7.2.4

(a)
(b)

(c)
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(e)
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Tracking The tracking subsystem shall be able to:
Track in angle, range and range rate the transponders in the
launch vehicle during the launch phase.
Track in angle and range the radar transponders in the IU and
the LEM during flight,
Track in angle, range and range rate the transponder in the LEM
during flight,
"Skin" track the space vehicle in Earth orbit.
Provide sampled tracking data for transmission to the MCC, and
where required, for on-site computation.

Digital Command Communications The Digital Command

Communications Subsystem (DCCS) shall be able to:
Transmit up-data sequentially to the LEM and the IU.
Monitor and verify the transmission of up-data to the space
vehicle.
Receive from the telemetry subsystem verification of accurate
receipt of up-data by the LEM and the IU.
Transmit to the MCC verification signals received from the LEM
and the IU.
Be controlled by the display and control subsystem at the site
or remotely from the MCC.

Television The television subsystem shall be able to

receive and record television transmission from the IU.
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3.7.2.6 Display and Control No change except the CSM reference is

not applicable.

3.7.2.7 Data Processing No change,

3.7.2.8 Timing No change.

3.7.3 Coverage Capability The MSFN station in the launch area

shall be able to support the prelaunch checkout of the space
vehicle on the launch pad.
The MSFN shall provide the coverage capabilities for the:
(@) LEM as specified in Table 3,7-2 (206) of this appendix.
(b) Saturn IB launch vehicle as specified in Table 3.7-4 (206) of
this appendix.

3.7.4 Performance No change except the MSFN shall operate with the

space vehicle subsystems as specified in 3.3.5 and 3.5.3.3

of this appendix.

3.8 Mission Control Center No change except delete 3.8.1 (d).

4,0 Quality Assurance No change.
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TABLE3.3-1

SATURN 1B LAUNCH VEHICLE COMMUNICATION AND TRACKING REQUIREMENTS

APOLLO-SATURN 206

STAGE EQUIPMENT NUMBER OPERATING FREQUENCY
IMPLEMENTATION OF UNITS ANTENNA SUBSYSTEM MODULATION CHARACTERISTICS REMARKS
SUBSYSTEM TRANSMIT RECEIVE i
S-1B @ see NOTES 1, 2 AND 3
" - PCN/F
TELEMETRY PCM/FM TELEMETER ONE 226-260 Mc OMN1~DJRECTIONAL CH/FN o PoN 1T RATE SHALL BE 72 KILOBITS/SECOND
@ SEE NOTES 1 AND U
NULTIPLEXED WITH OUTPUT
FM/FM TELEMETER ONE 225-260 Mc OF S-1B PCM/FM TELEMETER FM/FN
PAM/FM/FM TELEN@(A@ézW K)c& :FJL;ET:EIX’E:I:DI!"T'JE;{EN /Fnlrn o SEE norEs ] Ku
NS NS NS N\ AV
NN/ \Y N | \ N
SS/FM ;2515&}2( onQ \52—260;( :ﬁlf:%gﬂ;‘ﬁ&géﬂz SS/FM ® SEE NOTE 4
THIS SYSTEM SHALL BE COMPATIBLE WITH RANGE SAFETY COMMAND
COMMAND DESTRUCT RECEIVER AND DECODER ™ 400-450 Mc OMN | =D IRECT tONAL * TRANSMITTERS INSTALLED AT STATIONS OF THE ETR.
TRACKING 0DOP TRANSPONDER ONE UHF UHF FIXED DIRECTIONAL
S-1vB o SEE NOTES 1, 2 AND 3
PCM/FM TELEMETER ONE 225-260 Mc OMN1-D I RECTIONAL PCH/FH
TELEMETRY / / Jo PCH BIT RATE SHALL BE 72 KILOBITS/SECOND
>< X 4 \( \g \< 4 \/
. | MULTIPLEXED WITHNOUTPUT
P/ T }ue\ 25-260 Me or 5-1¥8 cu/m TELEMETER Mum
PAM/FM/FM TELEMETER/\ ™0 225-260 Mc >@EE N@C PAM/FM/FM ZES WOTES | AWD DW
\)( \/ N AV N NN\
N ) / N/
ss/rn EMETER 3/ MEV 225-260 Mc SEE NOTE § SS/FM SEE norz .
X X
COMMAND DESTRUCT RECEIVER AND DECODER ™ 400-450 Nc OMN1-DIRECT I ONAL ‘}:;.s.s,i}’#}?;s".',‘,'g#,:Eiﬁ",‘;‘;}:#E.,:;“‘o,“ﬁg‘;:f‘" CONMAKD
INSTRUMENT UNIT @ SEE NOTES 1, 2 AND 3
TELEMETRY PCM/FM TELEMETER ONE 225-260 Mc OMN1-DIRECT IONAL PCM/FM @ PCH BIT RATE SHALL BE 72 KILOBITS/SECOND
@ 81T STREAM SHALL CONTAIN ALL S-IVB/iU MISSION CONTROL DATA
d y >/ d \( SEE NOTES™ 1, Z AND 3,/ \/
© EXPERIMENTAL SYSTEM
21
Pou/u mzumn ONE 00-2309 Me Pos/ P o PC BIT RATE SHALL BE 72 KILOBITS/SECON
| y, Z Jo81T STRENN SHALL BE IDENTICAL MITH 1U ViF PON/PI TELENETER] |
MULTIPLEXED WITH OUTPUT
FM/FM TELEMETER ONE 225-260 Mc OF I1U VHF PCM/FM TELEMETER FM/FM @ SEE NOTES | AND Y
N /N uuumsxz}w{m ouThIT A4 / / \/
PAN/FM/FN TELEMETER ONE 225- 250 W OF 44U VHF PCM/FM TELEMETER PAN/FN/FM [@ SEE NOTES | AND™%
{' N pa N N
/7 N/ N/
7N MULTIPLEXED WITK OUTPUT N/ N
slru mmzm N 2so e OF (U VHF PCM/FM_TELEMETER ss/m @ SEE NOTE &
N/ < ..\ N
® SUBCODED 5-BIT WORDS AT 1000 BITS/SECOND
@ THE UP-DATA SUBSYSTEM SHALL BE DESIGNED IN CONJUNCT (ON
UP-DATA RECEIVER AND DECODER ONE 400-450 Mc OMM1-D I RECT I ONAL PSK/FM WITH STATIONS OF THE MSFM SUCH THAT NO MORE THAN ONE
CORRECT MESSAGE SHALL BE REJECTED PER 1000 CORRECT
MESSAGES AND THAT NO MORE THAN ONE PER 10® INCORRECT
MESSAGES SHALL BE ACCEPTED.
C-BAND ® UTILIZES CODING DIFFERENT FROM C-BAND RADAR TRANSPONDERS
TRACKING RADAR TRAMSPONDER ONE C-BAKD C-BAND OMN|-DIRECT | OKAL PULSE ON SPACECRAFT
AZUSA TRANSPONDER ONE C-BAND C-BAND OMK1-DIRECT IONAL ™
7 V4 / / / / / /
TELEVISION TELEVISION mnsumzn/ ONE / 1700-1730 Mc ™ /
Z Z /l 7/ / Z ya y £ ya
NOTES: 3/1/66
I THIS TELEMETRY SUBSYSTEM SHALL BE 3. THIS PCM TELEMETRY SUBSYSTEM SHALL 5. UP TO 4 VHF STAGE TELEMETERS SHALL BE
COMPATIBLE WITH THE INTER RANGE BE CAPABLE OF TRANSMITTING THE PCM MULTIPLEXED ON A COMMON AMTENNA SUB-
INSTRUMENTATION GROUP STANDARDS BIT STREAM REQUIRED FOR REAL-TIME USE SYSTEM. WHEN MORE THAN % VHF STAGE EOUIPHENT/FUNCTION
(1R16 DOCUMENT NO. 106-60. VIA COAXIAL CABLE TO THE CHECKOUT TELEMETERS ARE CARRIED, A SECOND
TELEMETRY STANDARDS REVISED 1962") FACILITY IN THE MILA PRIOR TO LIFT-OFF OMN1-DIRECT 1ONAL ANTENKA SUBSYSTEM CODING
mTv sér“ RF LINK PRIOR TO AND AFTER SHALL BE PROYIDED. THIS OPERATIONAL
-OFF. FLIGHT VEHICLE
2. ALL PCM TELEMETRY SUBSYSTENS SHALL 4. THIS TELEMETRY SUBSYSTEM SHALL
BE DESIGNED TO PROYIDE AN ERROR TRANSMIT DATA REQUIRED ONLY FOR e :ﬂU;“ESE"T” SCHEDULED FOR OPERATIONAL REQUIRED REQUIRED
RATE NOT EXCEEDING ONE BIT IN |08 POST-MISSION ANALYSIS VIA AN RF N 18 LAUNCH VENICLES. HOWEVER,
BITS FOR TRANSMISSIONS TO THE MSFN LINK. PROVISIONS TO CARRY THIS TELEMETER SHALL NOT
AS MEASURED FROM LAUNCH VEHICLE BE INCORPORATED ON ALL SATURN 18 LAUNCH REQUIRED REQUIRED
ENCODER T0 EARTH-BASED DECODER. VEHICLES THROUGH AS-207.
NOT
REQUIRED REQUIRED
o7 NoT
REQUIRED REQUIRED
TABLE 3.3-1

APOLLO  SATURN 206
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TABLE3, 5 - 4A
LEM COMMUNICATIONS AND TRACKING REQUIREMENTS
APOLLO-SATURN 206
OPERATING FREQUENCY
EQUIPMENT NUMBER Q
SUBSYSTEM IMPLEMENTATION OF UNITS TRANSMIT RECEIVE ANTENNA SUBSYSTEM MODULATION CHARACTERISTICS REMARKS
VOICE COMMUNICATIONS
(SEENOTE 1) WITH MSFN UMIFIED S-8AND SYSTEM ® SEE TABLE 3.5-UB FOR REOUIREMENTS
® UTILIZED FOR VOICE TRANSMISSION SIMULATION DURING R & D
WITH MSEN VHF TRANSCEIVER #I VHF FLIGNT PROGRAM
©® SEE "VOICE COMMUNICAT|ONS WITH CSM®
v " . g[:éﬁzgkggmow: AND DATA TRANSMISSION DURING R & O
WITH MSFN I TRMSCEIVER " " ® SEE *VOICE COMMUNICATIONS WITH CSM®
I WITH CSM ¥HE TRAMSCEIVER #{ onE VHF VHF ON1<DI REGTIONAL 82:& ;232?&? i
WITH CSM NF YhE NULTIPLEXED WITH 03BAM TRANSNIT .1
: VHE TRANSCEIVER #2 one Mhnareies ot DaRAN AEEEIVE : ‘«}%ﬂ cz‘ i
r—WITH EVA YHF TRANSCELVER #1 -~ VHE YRF :
I WITH EVA VHE TRANSCEIVER #2 ViF VHE :
v
KEYING COMMUNICATIONS
T0 MSEN UNIFIED S~BAND SYSTEM @ SEE TABLE 3.5-48 FOR REQUIREMENTS
TELEMETRY TO MSFN UNIFIED S-BAND SYSTEM ® SEE TABLE 3.5-4B FOR REQUIREMENTS
7z 4 4 & D OMNI- DIRECTIONAL Ve 7
VHF TELEME - m FM/FM ® SEE NOTE 3
ows| v woe” SN o ) asied S S VSR EREA S i S Aesieds S 777 S
> - B UL 43— >
520 MSEN vur/rnfugsk //ous’ 25260 e § y ZEE%E'T"E:EEN%NK:FSSBEy ///;,“"/F“//FM /// }SE/E NITE 3////// //
Z A
T(?M/SFN /‘l6 TELEMETER / ONE’/ 2;52260/&: A 3%@%&5%%5?#2»«“%5; p // /r/m/Fa/m // / ;scs ;orz 3////////
- gy g 7~ 7~
%‘T(;MSFN' / , vu:r /mzus/m / / /ons/ /225-250/ M/c a: / Zg;gﬂgﬁ?h?’é-ﬁ%ﬁ#/ / / /J ru//r/u // / / -/ co;smn (momm i STEM / / / / /
7 7 MULTIPLEXED ON VKF R & D ® SEE NOTES 2, 37 AND
T0 MSFN / /WHF JELDKETER / /] ONE / 225260 luc’ / / A LELBICTRY ANTENNA SUB/ / / / PR / / / - REDUNDANT WITH UNIFIED, (nnn svs}zéu 4 /
T4 @ UTILIZED FOR DATA TRANSM{SS10M SIMULATION DURING R & D PROGRAM
/To MSFN YHF TRANSCEVER #2 YHF @ SEE "VOICE COMMUNICATIONS WITH CSM"
: ® SEE NOTE §
TOCSM YHF TRANSCEIVER #2 VHF PCH/AM @ PCM BIT RATE OF 1.6 KILOBITS/SECOND
) ® SEE "VO)CE COMMUNICATIONS WITH CSM"
FROM EVA VHF TRANSCEIVER §2 YHF FM/ M ® SEE "VOICE COMMURICATIONS WITH csu';

/N

R

KX XX

® HOT APPLICABLE

Z

G XXX X

UNIFIED $-BAND SYSTEM

L SEE TABI.E 3 E-lil FOR REWIIEMEITS

e St Sea i

L e Y

up,-

DATA ( SEENOTE 6 )7

AECEI{R AND DE@R /
Z

FROM MSFN 400-450 Mc J TELEMETRY Amzmu/ ©® UTILIZED ONLY DURING R & u FLIGHT PROGRAM
; SUBSYSTEM
/ A £ L 2 4 AW, L L

/

A

4

Qrivizfs we's

e

’ /

I

TRACKING AID

TO MSEN UNIFIED 5-BAND SYSTEM ® SEE TABLE 3.5-UB FOR REQUIREMENTS
F if 4 X 4 L/ c-anp [ Aa Ve 4 e SAME CODING 1S UTILIZED FOR BOTH TRANSPONDERS BUT /
{ JOMSFN[  c-8ato vaouR TRAKSPoNOER ™ ] e Y Ch OMNI-DIRECTIONAL - 4 / PULSE AN cooms DIFFERS FROM THAT USED BY CS4 AND LAUNCH VEHIC(E /]
L

TRACKING

OF CSM

[ ] THREE-TONE RANGE CODE AND CARRIER COHEREMT TURN- AROUND
a) VELOCITY (/4% OR 1 fps

OF TRACKING AID
ON LUNAR SURFACE

OF LUNAR SURFACE

® AccuRAcr: b} RANGE 1% OR 20 feet
PM TRANSMIT ce
RENDEZVOUS RADAR ™o X-BAND X-BAND DIRECTIONAL PM RECEIVE c) ANGLE 8mr bias
2mr random
® ALSO USED FOR TRACKING OF TRACKING AID ON LUNAR SURFACE
RENDEZYOUS RADAR X-BAKD X-BAND ® SEE "TRACKING OF CSM"
ACCURACY: ({a) VELOCITY I% OR | f
LANDING RADAR ONE X-BAND X-BANG DIRECTIONAL CW AND FM/CW TRANSMIT ® i % pe

b} RANGE 1% OR 5 feet

NOTES:

. THE MINIMUM WORD INTELLIGIBILITY SHALL BE
90% FOR NORMAL YOICE COMMUNICATIONS AND
70% FOR BACK-UP COMMUNICATIONS AS MEASURED
BY USER PERSONNEL UNDER SIMULATED OPERATING
CONDIT{ONS UTILIZING THE AMERICAN STANDARD
METHOD FOR MEASUREMENT OF MONOSYLLABIC WORD
INTELLFGIBILITY DATED MAY 25, 1960.

THE TELEMETRY SUBSYSTEM SHALL BE DESIGNED
TO PROVIDE AN ERROR RATE NOT EXCEEDING ONE
BIT (N 108 BITS FOR PCM TELEMETRY TRANS-
MISSIONS TO STATIONS OF THE MSFN AS NEASURED
FROM LEM ENCODER TO MSFN DECODER.

THE TELEMETRY SUBSYSTEMS SHALL BE
COMPATIBLE WITH THE INTER RANGE
INSTRUMENTAT{ON GROUP STANDARDS (IRIG
DOCUMENT NO. 106-60 "TELEMETRY STANDARDS
REVISED 1962") APPROPRIATE TO THE
RESPECTIVE TELEMETRY SUBSYSTEMS.

. THIS PCH TELEMETRY SUBSYSTEM SHALL
BE CAPABLE OF TRANSHITTING THE PCM BIT
STREAM REQUIRED FOR REAL-TIME USE VIA
COAXIAL CABLE TO THE CHECKOUT FACILITY
IN THE MILA PRIOR TO LIFT-OFF AND VIA AN RF
LINK AFTER ADAPTER JETTISON,

BIT IN

THE TELEMETRY SUBSYSTEM SHALL BE DES!GNED
TO PROVID|

AH ERROE RATE NOT EXCEEDING OME

10° BITS FOR PCM TELEMETRY TRANS-

R,
MISSIONS TO THE CSM AS MEASURED FROM LEM
ENCODER TO CSM RECORDER.

NO MORE THAR ONE CORRECT MESSAGE SHALL BE

REJECTED PER 1000 CORRECT MESSAGES AMD THAT
NO MORE THA4 ONE PER (09 INCORRECT MESSAGES

SHALL

BE ACCEPTED,

LEGEND
EQUI PMENT/FUNCT I ON
CODING
THIS LUNAR
FLIGHT MISSION
REQUIRED REQUIRED
NOT
REQUIRED ///
L REQUIRED /A
NoOT
REQUIRED REQUIRED
NOT NOT
REQUIRED REQUIRED

TABLE 3. 5 - 4A
APOLLO - SA/URN 206
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LEM COMMUNICATIONS AND TRACKING REQUIREMENTS
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VHF musc{nk \

ONE

YNE ¥RF

MOLTIFLEXED WITH
TRANSCEIVER ¢

OPERATING FREQUENCY
SUBSYSTEM EQUIPMENT NUMBER ANTENNA SUBSYSTEM MODULATION CHARACTERISTICS REMARKS
IMPLEMENTATION OFUNITS | mansmiT | Rreceive
VOICE COMMUNICATIONS
(SEENOTE )  WITH MSFN UNIFIED S-BAND SYSTEM @ SEE TABLE 3.5-4B FOR REQUIRENENTS
@ UTILIZED FOR YOICE TRANSMISSION SIMULATION DURING R & D
WITH MSEN VHF TRANSCEIVER #1 VHF FLIGHT PROGRAM
@ SEE "VOICE COMMUNICATIONS WITH CSH"
12 S ® UTILIZED FOR VOICE AND DATA TRANSHISSION DURING R & D
ver LIGHT PROGRAM
WITH MSEN VP TRANSCEINE " hN @ SEE "VOICE COMMUNICATIONS WITH CSM"
W PRIWARY_VOICE COMMUNICATIONS CRAMNEL WITH CSM V1A SINPLEX
N 7\ v/\ / D A DSBAM TRANSNIT §  MooE oo\
l WTHESM \ymnswm \*I\/ e RE \/vnr Wzmm SBAM RECEIVE » TRANSMITTER HTIL 1760 FOR DUPLEX VOICE COMMIKICAT) ONS Wi TH EVA]

ISBAR TRANSRIT
DSBAN RECEIVE

7N
A
PN
VHE TRANSCEIVER 732
Gnva s

4
A4 VN,
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APPENDIX 206
TABLE 3.7-4
REQUIRED SATURN |B LAUNCH VEHICLE COVERAGE
APOLLO-SATURN 206

PHASE END OF S-IVB COAST IN 4 S-1V8/1U ’ SPACECR EARTH ORBIT
$-1B BURN | S-1VB BURN BURN CHECKOUT [N AFT 1 COAST AFTER
SUBSYSTEM 3 MiNuTEs | EARTH ORBIT | papryopeit | SEPARATION SPACECRATT
VHF TELEMETRY
S-1B
S-IVB
1]
TELEVISION
iu B

COMMAND DESTRUCT

S-1B

S-1vB

_ L
v ) 7 1 77

TRACKING

C-BAND -I S 1v//////A , /////A

V.
0DOP ) ////31
AZUSA TP
3/1/66
| AFTER THEEND on ORM | Lht ONE MINTE b TN 12 ORBIT, CONTAGTS SRALL BE AT LEASE

2 CONTINUOUS COVERAGE UNTIL THE PREDICTED IMPACT 3 MINUTES LONG.

POINT OF THE VEHICLE 1S OUTSIDE AREAS SPECIFIED

BY RANGE SAFETY. 5 THIS REQUIREMENT MAY BE SATISFIED DURING AN

ORBITAL CORTACT.

3 TWO LAUNCH VEHICLE TRANSPONDERS SHALL BE
TRACKED CONTINUOUSLY TO SATISFY RANGE SAFETY
REQUIREMENTS,

m PARTIAL COVERAGE D CONTINUOUS COVERAGE : NOT REQUIRED

TABLE 3.7-4
APOLLO-SATURN 206
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1.0 Scope This appendix to the Apollo Program Specification identi-
fies the performance, design and test requirements which apply
to the Program elements to be utilized for Apollo Saturn Mission 207
(AS-207). These requirements are presented in this appendix as devi-
ations to the requirements specified for equipment in the body of the
specification. Unless otherwise noted, the paragraphs in this appendix
replace in their entirety the identically numbered paragraphs in the body

of the specification,

(1)

i.1 Applicability No change,

1.2 Change Approval No change,

2.0 Applicable Documents No change.

3.0 Requirements
3.1 Performance
3.1.1 Characteristics

3.1.1.1 General Add: To the extent practicable, the spacecraft
used on AS=207 shall be of the same design as the lunar
landing configuration.

3.1.1.2 Mission Performance

3.1.1,2.1 Mission Mode This Apollo test mission shall be performed

primarily in Earth orbit. The spacecraft, which includes a

(1) The phrase "no change" is used after a section heading throughout
this appendix to mean that the requirement in the body of the specification
applies to this mission without change.

209-774 O - 66 ~ 13
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manned CM, SM and a LEM, shall be launched from the Cape Kennedy
launch area (LC 37B) into the desired trajectory by a Saturn IB launch
vehicle consisting of an S-IB first stage, an S-IVB (Saturn IB version)
second stage and an IU (Saturn IB version). After CSM/LEM separation
from the remainder of the space vehicle, the spacecraft propulsion
systems shall be used to maneuver in Earth orbit. After CSM and LEM
maneuvers, involving the LEM manned and unmanned, SM propulsion
will be used to reduce the spacecraft velocity sufficiently for entry.
The SM shall be jettisoned prior to entry of the CM into the Earth's
atmosphere. The CM shall be slowed to a safe landing by aerodynamic
braking and, during the final phase of the landing sequence, by
parachute,

3.1.1.2.2 Mission Command Add: A Mission Control Programmer

shall be provided on board the LEM which, in conjunction
with the LEM guidance computer shall provide LEM commands as neces-
sary for accomplishment of the mission, The Mission Control Programmer
shall be capable, independent of the LEM guidance computer, of receiving
signals from ground-based personnel as a backup.
3.1.1.2.3 Payload The payload for this mission shall be a manned

spacecraft, The objectives of this mission shall include
those identified in Apollo Flight Mission Assignments, M-D MA 500-11.
3.1.1.2.4 Earth Launch Launch capability shall be provided to

permit an initial flight azimuth of 07 20.

3,1.1.2.5 Earth Parking Orbit The capability shall be provided to

place the spacecraft into an elliptical orbit with a nominal
apogee of 107 nm and a nominal perigee of 81 nm, CSM and LEM pro-

pulsion systems shall provide for subsequent Earth orbital maneuvers.
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3.1.1.2.6 Injection Opportunities Not Applicable. (N/A). (2)

3.,1.1,2.7 Lunar Landing Accuracy N/A. See 3.1.1.1 (AS-207).
3.1.1,2.8 Lunar Exploration N/A.

3.1.1.2.9 Earth Landing The normal Earth landing mode shall be on
water. The éapability for water and land landing shall be

as specified in 3.5.1. 24,

3.1.1.2,10 Recovery No change,

3.1.2 Program Definition No change,

3.1.3 Operability
3.1.3,1 Logistics No change.
3.1.3.2 Safety No change.

3.1.3.3 Reliability
3.1.3.3.1 Equipment Reliability No change except: In Table 3.,1-2

add "the success probability for the S-IB stage shall be at
least 0.95." Change Note 1 to "the preflight phase begins with the de-
cision to start countdown for launch and ends with launch".

3.1.3.3.2 Environmental Hazards Change "the lunar landing mission"

to "this mission" and delete reference to the lunar surface.

(2) The phrase "not applicable"” is used after a section heading through=-
out this appendix to mean that the requirement in the body of the speci-
fication does not apply to this mission,
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3.1.3.3.3 Crew Safety No change.
3.1.3.3.4 System Design Policy No change.

3.1.3.3.5 Reliability Assurance No change.

3.2 Program Standards No change.

3.3 Saturn IB Launch Vehicle

3.3.1 General No change except that the launch vehicle control
weights shall be as specified for AS-207 in Table 10.1-1,
Appendix 10.1.
3.3.1.1 Payload The launch vehicle shall provide the payload capa-
bility specified for AS-207 in Table 10.1-1, Appendix 10.1.
3.3.1.2 Standby Time No change.
3.3.1.3 Prelaunch Checkout No change.

3.3.1.4 In-Flight Performance Evaluation No change.
3.3.1.5 Emergency Detection Subsystem No change.
3.3.1.6 Instrumentation No change.

3.3.1.7 Command Destruct No change.

3.3.1.8 Electrical Power No change.

3.3.2 Structure No change.

3.3.2.1 Prelaunch Environment No change.

3.3.2.2 Launch and Flight Environment No change.

3.3.3 Propulsion No change.

3.3.4 Launch Vehicle Guidance, Navigation and Control No change.

3.3.5 Saturn IB Launch Vehicle Communications and Tracking No

change.
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3.4 Saturn V Launch Vehicle N/A.

3.5 Spacecraft

3.5.1 General No change except that spacecraft control weights

shall be as specified for AS-207 in Table 10.1-3, Appendix
10.1. The spacecraft subsystems shall be capable of accomplishing a
3-day mission at the design performance levels specified herein. Delete
reference to AV budget.

3.5.1.1 Prelaunch Environment No change,

3.5.1.2 Prelaunch Checkout No change.

3.5.1.3 In-Flight Performance Evaluation No change.

3.5.1.4 Standby Time The spacecraft shall have the capability to

stand by in a loaded condition, after launch vehicle propel-~
lant loading, for 10 hours and still perform the mission.

3.5.1.5 Launch and Flight Environment No change.

3.5.1.6 Earth Orbit Environment No change.

3.5.1.7 Translunar Environment N/A. See 3.1.1.1 (AS-207).

3.5.1.8 Transposition The CSM shall be capable of being reposi-

tioned from the launch configuration to the docked configur-
ation within 4.5 hours after insertion, After transposition the spacecraft
shall be capable of being separated from, and avoiding impact with, the
remainder of the space vehicle during subsequent flight maneuvers.
3.5.1.9 One-Man Operation Delete reference to lunar operations.

3.5.1,10 CSM/LEM Abort No change.

3.5.1.11 Separation Time No change.

3.5.1.12 Descent Abort N/A.

3.5.1.13 Translational Range N/A.

3.5.1.14 Lunar Environment N/A, See 3.1.1.1 (AS-207).
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3.5.1.15 Lunar Landing N/A. See 3.1.1.1 (AS-207).

3.5.1.16 Lunar Operations The LEM shall be capable of accommo-

dating the temperature of lunar day as given in 5.7 of M-DE
8020.008B.
3.5.1.17 Scientific Equipment Support See 3.5.7 (AS-207).

3.5.1.18 Sterilization No change.
3.5.1.19 Launch Platform N/A.

3.5.1.20 Ascent Stage Operations Using the LEM Ascent Propulsion

Subsystem, the ascent stage shall be capable of separating
from the descent stage during Earth orbit. The ascent stage shall be
capable of operation independent of the descent stage for at least the
time necessary to achieve the objectives specified in 3.1.1.2,3 (AS-207).
3.5.1.21 Rendezvous and Dock Change "lunar" to "Earth",
3.5.1.22 Entry The CM shall be capable of controlled flight through

the Earth's atmosphere (as given in 2.5 of M-DE 8020.008B)

to a preselected landing area. This shall be possible without exceeding
a 10g deceleration for an Earth orbital entry. The design limit entry load
for all CM systems shall be a 20g deceleration.

3.5.1.23 Aerodynamic Characteristics No change.

3.5.1.24 Landing No change.
3.5.1.25 Postlanding No change.
3.5.1.26 Recovery No change.

3.5.2 Command and Service Module

3.5.2.1 Structure No change.
3.5.2.2 CSM Propulsion

3.5.2.2,1 General No change except that AV numbers in Table 3,5-1

are not applicable.




3.5.2.2.2
3.5.2.2.3
3.5.2.2.4
3.5.2,3

3.5.2,3.1
3.5.2.3.2
3.5.2,3.3

3.5.2.3.3.1
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Command Module Reaction Control Subsystem No change.

Service Module Reaction Control Subsystem No change.

Service Module Propulsion Subsystem No change.

CSM Communications and Tracking

General No change.

Functional Capability No change.

Coverage Capability

CSM-MSFN The CSM Communication and Tracking Sys-
tem shall be able to operate with the MSFN to achieve

the coverage specified in Table 3.7-1 (207) of this appendix.

3.5.2,3.3.2
3.5.2.3.3.3

305020304

and pulse modulation, shall also be carried.

CSM-LEM No change.

CSM-EVA No change.
Performance No change except that a C-Band radar
transponder, utilizing an omnidirectional antenna subsystem

Interrogation coding, dif-

fering from the launch vehicle and LEM radar transponders, shall be

utilized.
3.5.2.4
3.5.2.4.l

3.5.2.4.2
3.5.2,4.3
3.5.2.4.4
3.5.2.4.5
3.5.2.4.6
3.5.2,5

3.5.2.5.1

3.5,2.5.1.1

Electrical Power Subsystem

General Change "14 day" to "3 day" and change "during
the translunar and lunar orbit phases" to "while docked."

Nominal Capacity No change.

Sizing No change.

Water and Oxygen Supply No change.

Pyrotechnic Firing Circuits No change.

Ground Support No change,

Integrated Navigation, Guidance and Control

General No change.

No change.
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3.5.2.5.
3.5.2.5.
3.5.2.5.,
3.5.2,.5.

(a)
(b)
(c)
(d)
(e)
(f)

3.5.2.5.
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1.2 No change.

1.3 No change.

1.4 No change.

1.5 The PNGCS shall:

Delete "and lunar landmarks."

No change.

No change.

Change "lunar" to "Earth."

Change "S-IC" to "S-IB" and delete "S-II."
No change.

2 Accuracy The PNGCS shall be capable of guiding the CM

during entry to a preselected point of parachute deployment

with a 10 nm CEP,

3.5.2.6
3.5.2.7
3.5.2,8

3.5.3
3.5.3.1

3.5.3.1.
3.5.3.1,
3.5.3.1.
3.5.3.1.
3.5.3.1.
3.5.3.1.

3.5.3.2

3.5.3.20

Display and Control Subsystem No change.

Environmental Control Subsystem No change.

Crew Equipment No change.

Lunar Excursion Module

Structure

1 Cabin Space No change.

2 Windows Delete: and lunar landing,

3 Ingress and Egress No change except (¢) is not applicable.

4 Docking No change.
5 Thermal Requirements No change.

6 EMU Storage No change.

LEM Propulsion

1 General No change except that AV numbers in Table 3.5~1

are not applicable,




207 -9 March 1, 1966

Apollo Saturn Mission 207

3.5.3.2.2 LEM Reaction Control Subsystem The LEM RCS shall pro-

vide thrust for translation along three axes and attitude
control about three axes during rendezvous, docking, descent engine and
ascent engine operations, There shall be two separate, redundant sub-
systems. Propellant shall be transferable from the LEM ascent stage
main propellant tanks to the LEM RCS engines.
3.5.3.2.3 LEM Descent Propulsion Subsystem The LEM Descent Pro-

pulsion Subsystem shall provide the propulsion necessary
to support the mission objectives of 3,1,1.,2.3 (AS-207).

.4

3.5.3.2.4 LEM Ascent Propulsion Subsystem The LEM Ascent Pro-

pulsion Subsystem shall provide the propulsion necessary
to support the mission objectives of 3.1.1.2.3 (AS-207). It shall be
capable of providing the propulsion required to return the LEM ascent
stage to the CSM.

3.5.3.3 LEM Communications and Tracking

3.5.3.3.1 General Add: (e) Up-data reception,
3.5.3.3.2 Functional Capability

3.5.3.3.2.1 Voice Communication No change.

3.5.3.3.2.2 Telemetry Add: (e) Transmit the data required for
postflight analysis.
3.5.3.3.2.3 Tracking and Tracking Aid Delete (c).

3.5.3.3.2.4 Television Delete "from the lunar surface,"
3.5.3.3.2.5 Up-Data The up~data subsystem shall be able to:
(a) Receive data from the MSFN,
(b) Supply up-data verification signals to the MSFN via the LEM

telemetry subsystem,
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3.5.3.3.3 Coverage Capability
3.5.3.3.3.1 LEM-MSFN The LEM Communication and Tracking Sys-

tem shall be able to operate with the MSFN to achieve
the coverage specified in Table 3.7-2 (207) of this appendix.
3.5.3.3.3.2 LEM-CSM No change.
3.5.3.3.3.3 LEM-EVA Delete reference to the lunar surface.
3.5.3.3.3.4 LEM-Lunar Surface N/A.

3.5.3.3.4 Performance The LEM Communication and Tracking System
shall meet the requirements specified in Tables 3.5-4A (207)
and 3,5-4B (207) of this appendix.

3.5.3.4 Electrical Power Subsystem

3.5.3.4.1 General Change 14-day mission to 3-day mission. Change
"during the translunar and lunar orbit phases" to "while
docked." Delete last sentence.

3.5.3.4,2 Sizing Delete: in lunar orbit.

3.5.3.4.3 Nominal Capacity No change,

3.5.3.4.4 Pyrotechnic Firing Circuits No change.,

3.5.3.4.5 Ground Support No change.

3.5.3.5 Integrated Navigation, Guidance and Control System

3.5.3.5.1 General Delete last sentence. Add:

The Primary Navigation, Guidance and Control System
(PNGCS) and the Stabilization and Control System (SCS) shall be used in
conjunction with the Mission Control Programmer (MCP) to provide the
LEM with the capability of executing unmanned flight sequences after
LEM separation from the CSM, including stabilization of the LEM for
re-dock with the manned CSM. The MCP and SCS shall also provide LEM
control in the event of PNGCS failure,
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LEM control during unmanned operation of the LEM shall be

provided by the LEM Guidance Computer in conjunction with the MCP.

The guidance computer shall initiate LEM guidance and control functions.

As a backup the MCP shall be able to accept certain discrete ground

commands independent of the PNGCS so as to provide LEM control.
3.5.3.5.1.1 ~ No change.

3.5.3.5.1.2 No change.

3.5.3.5.1.3 No change.

3.5.3.5.1.4 The PNGCS shall:

@)
(b)
(c)
(d)
(e)
()
(9)
(h)
(i)

No change.

N/A. See 3.1.1.1 (AS-207).

N/A. See 3.1.1.1 (AS-207).

Delete "both" and "on the lunar surface."

N/A. See 3.1.1.1 (AS-207).

No change.

No change.

Provide for prelaunch alignment of the PNGCS IMU,

Permit the guidance computer to accept commands and navigation

data from the MSFN via the up-data link.

3.5.3.5.2 Accuracy N/A. See 3.1.1.1 (AS-207).

3.5.3.6
3.5‘3.7

Display and Control (D&C) Subsystem No change.

Environmental Control Subsystem No change.

3.5.3.7.1 Extravehicular Operations The LEM ECS shall be designed

to support the extravehicular operations necessary to ac-

complish the mission objectives of 3,1.1.2.3 (AS-207).

3.5.3.7.2 Atmospheric Supply No change.

3.5.3.7.2,1 Atmospheric Control No change.
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3.5.3.7.3 Water Management No change.

3.5.3.7.4 EMU Support The ECS shall incorporate arrangements to

provide intravehicular support for two astronauts in pres-
surized suits for a continuous period consistent with the mission ob-
jectives of 3.1.1.2.3 (AS-207). The design shall be based on an energy
expenditure not exceeding 800 BTU's/man/hour and a Respiration Quotient
of 0.85.
3.5.3.8 Crew Equipment

3.5.,3.8.1 General The LEM shall contain the provisions and equip-

ment to protect and sustain the crew for the period neces-
sary to support the mission objectives of 3.1.1.2.3 (AS-207).
3.5.3.8.2 Support and Restraint No change.

3.5.,3.8,3 Illumination No change,

3.5.3.8.4 Food and Water No change.

3.5.3.8.5 Waste Management Delete: on the lunar surface.

3.5.3.8.6 Medical Supplies No change.

3.5.3.8.7 Biomedical Instrumentation No change.

3.5.4 Launch Escape System No change.

3¢5.5 Adapter No change.

3.5.6 Extravehicular Mobility Unit

3.5.6.1 General Change "in 3.1.1.2.8" to "of this mission, "
3.5.6.2 Extravehicular Delete "or on the lunar surface"” and the ref-

erence to 5.0 of M-DE 8020.008B.

3.5.6.,3 Intravehicular No change,
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3¢5.7 Scientific Payload The spacecraft shall be capable of sup-

porting the in-flight experiments identified in Apollo Flight
Mission Assignments, M-D MA 500-11.

3.5.8 Flight Crew Training Equipment No change.

3.6 Launch Area The requirements of this section, which are identi-
fied with LC 37B and the Direct Launch Support Facilities, are
applicable without change. All other requirements of this section are

not applicable.

3.7 Manned Space Flight Network

3.7.1 General No change.
3.7.2 Functional Capability
3.7.2.1 Voice Communications No change.

3.7.2,2 Telemetry No change.
3.7.2.3 Tracking No change.

3.7.2.4 Digital Command Communications The Digital Command

Communications Subsystem (DCCS) shall be able to:

(@) Transmit up-data sequentially to the CSM, LEM and the IU.

(b) No change.

(c) Receive from the telemetry subsystem verification of accurate
receipt of up-data by the CSM, LEM and the IU,.

(d) Transmit verification signals received from the CSM, LEM and
the IU to the MCC.

(e) No change.

3.7.2,5 Television No change.

3.7.2,6 Display and Control No change.
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3.7.2.7 Data Processing No change.

3.7.2.8 Timing No change.

3.7.3 Coverage Capability The MSFN station in the launch area

shall be able to support prelaunch checkout of the space vehicle
on the launch pad.
The MSFN shall provide the coverage capabilities for the:
(a) CSM as specified in Table 3.7-1 (207) of this appendix.
(b) LEM as specified in Table 3.7-2 (207) of this appendix.
(c) N/A.
(d) No change.

3.7.4 Performance No change except the MSFN shall operate with
the space vehicle subsystems as specified in 3.3.5, 3.5.2.3

and 3,5.3.3 of this appendix,

3.8 Mission Control Center No change.

4,0 Quality Assurance No change.
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APPENDIX 207
TABLE 3. 5 - 4A
LEM COMMUNICATIONS AND TRACKING REQUIREMENTS

APOLLO-SATURN 207

EQUIPMENT NUMBER OPERATING FREQUENCY
SUBSYSTEM IMPLEMENTATION OFUNITS | rransmiT | Receive | ANTENNA SUBSYSTEM MODULATION CHARACTERISTICS REMARKS
VOICE COMMUNICATIONS
(SEENOTE 1) WITH MSFN U4IFIED S-BAND SYSTEM @ SEE TABLE 9.5-48 FOR REQUIREMENTS

® UTILIZED FOR YOICE TRANSNISSION SIMULATION DURING R & D
WITH MSFN VHE TRANSCEIVER #1 VHF FLIGHT PROGRAM

® SEE_"VOICE COMMUNICATIONS WITH CSH"
® UTILIZED FOR VOICE AND DATA TRANSMISSION DURING R & D

VHF TRANSCEIVER #2 VHF YHF FLIGHT PROGRAN
WITH MSFN ® SEE "VOICE COMMUNICATIONS WITH CSM*

AL LR L i ——
© TRTHARY VOICE COMIICATIOKS CHAMNEL WITH CSf V1A SIMPLEX

3 0

WITH CSM VHF TRANSCEIVER #) ONE VHE VHE ONN1-DI RECTIONAL il ® TRANSHITTER UTILIZED FOR DUPLEX YOICE COMNUNICATIONS WITH EVA

©® TRANSCEIVER UTILIZED IN BACK-UP MODE FOR SIMPLEX VOICE
COMMUN |CAT 1ONS WITH EVA

e —————————————
® BACK-UP VOICE COMMUNICATIONS CHANNEL WITH CSM VIA SIMPLEX
MODE

3 TRANSMITS LEM PCM/AN DATA TO CSM
WITH CSM VHF TRANSCEIVER #2 OKE VHF VHF WULTIPLEXED WITH il : RECEIVER UT|LI7€D FOR DUPLEX YOICE COMAMICATIONS WITH EVA
TRANSCEIVER #1 DBAM RECEIVE @ RECEIVES EVA BIOMEDICAL DATA SIMULTANEOUSLY WITH EVA VOICE
. mnscm:n UTILIZED IN BACK-UP MODE FOR SIMPLEX YOICE
COMMUN I CAT
WITH EVA VHF TRANSCEIVER #1 HF VHF ® SEE "VOICE COMMUNICATIONS WITH CSM
WITH EVA VHF TRANSCEIVER #2 VHF VHE @ SEE "VOICE COMMUNICATIONS WITH CSM"
KEY ING COMMUNICATIONS
70 MSFN UNIFIED S-BAND SYSTBM ® SEE TABLE 3,5-48 FOR REQUIREMENTS
TELEMETRY ToMSEN]  uniFtED s-aamo svsten ® SEE TABLE 3.5-48 FOR REQUIREMENTS
7
SEE NOT

5 I\g
2N
‘\
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©
™

77 ® UTILIZED FOR DATA TRARSM)SS10N S IMULATION DURING R & D PROGRAN
K/) MSEN Y TRASCEIVER W2 i ® SEE "VOICE COMMUNICATIONS WITH CSN"
® SEE NOTE §
TO CSM VHF TRANSCEIVER #2 VHF PCM/AN @ PCM BIT RATE OF 1.6 KILOBITS/SECOND
@ SEE "VOICE COMMUNICATIONS WITH CSM"
FROM EVA VHF TRANSCEIVER #2 VHF P/ M © SEE "VOICE COMMUNICATIONS WITH CS™ &%
V
JAPE PLAYBACK N/ N\
Y TO MSFN / gzr APPLICABLE
h N /| Pa
TELEVISION - . '
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1o /// RADAR TRANSPONDER J/ o / o A wi-DIRECT p A CODING DIFFERS FROM THAT USED BY, CSM AND LAUNCH VEHICLE
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i
3/1/66
NOTES: LEGEND
). THE MINIMUN WORD INTELLIGIBILITY SHALL BE 3. THE TELEMETRY SUBSYSTEMS SHALL BE 5. THE TELEMETRY SUBSYSTEM SHALL BE DES)GNED
90% FOR NORMAL VOICE COMMUNICATIONS ANO COMPATIBLE WITH THE INTER RANGE TO PROVIDE AN ERROR RATE NOT EXCEEDING OME
70% FOR BACK-UP COMMUNICATIONS AS MEASURED INSTRUMENTAT ON GROUP STANDARDS ( IRG BIT IN 105 BITS FOR PCM TELEMETRY TRANS- EQUI PMENT /FUNCT 1O
BY USER PERSONNEL UNDER SIMULATED OPERAT (NG DOCUMENT NO. 106-60 "TELEMETRY STANDARDS MISSIONS TO THE CSM AS MEASURED FROM LEM -
CONDITIONS UTILIZING THE AMERICAN STANDARD REVISED 1962") APPROPRIATE TO THE ENCODER T0 CSM RECORDER. CODING
METHOD FOR MEASUREMENT OF MONOSYLLABIC WORD RESPECT IVE TELEMETRY SUBSYSTEMS, THts LUNAR
INTELLIGIBILITY DATED MAY 25, 1960. FLIGNT NISSION
2. THE TELEMETRY SUBSYSTEM SHALL BE DESIGNED . THIS PCM TELEMETRY SUBSYSTEM SHALL 6. MO WORE THAN ONE CORRECT MESSAGE SHALL BE REQUIRED REQUIRED
TG PROVIDE AN ERROR RATE NOT EXCEEDING ONE BE CAPABLE OF TRANSMITTING THE PCM BIT REJECTED PER 1000 CORRECT MESSAGES AND THAT
BIT IN 10° 81TS FOR PCM TELEMETRY TRANS- STREAM REQUIRED FOR REAL-TIME USE V[A NO MORE THAN ONE PER j09 INCORRECT MESSAGES NOT
MISSIONS TO STATIONS OF THE MSFN AS MEASURED COAXIAL CABLE TO THE CHECKOUT FACILITY SHALL BE ACCEPTED, REQUIRED REQUIRED
FROM LEM ENCODER TO MSFN DECODER. N THE MILA PRIOR TO LIFT-OFF AND VIA AN RF
LINK AFTER ADAPTER JETTISON. XoT T
REQUIRED REQUIRED
nOT noT
REQUIRED REQUIRED
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Apollo Saturn Missions 501 and 502

1.0 Scope This appendix to the Apollo Program Specification identi-

fies the performance, design and test requirements which apply
to the Program elements to be utilized for Apollo Saturn Missions 501
and 502 (AS-501 and AS-502). These requirements are presented in this
appendix as deviations to the requirements specified for equipment for
the lunar landing mission. Unless otherwise noted, the paragraphs in
this appendix replace in their entirety the identically numbered para-

graphs in the body of the specification.

1.1 Applicability No change. (1)

1.2 Change Approval No change.

2.0 Applicable Documents No change.

3.0 Requirements

3.1 Perfqrmance

3.1.1 Characteristics

3.1.1.1 General Add: To the extent practicable, the hardware used
on AS-501 and AS-502 shall be of the same design as that to
be used for the lunar landing mission,

3.1.1.2 Mission Performance

3.1.1.2,1 Mission Mode For these Apollo test missions the Saturn V

launch vehicle, consisting of an S-IC first stage, an S-II

(1) The phrase "no change" is used after a section heading throughout
this appendix to mean that the requirement in the body of the specifica-
tion applies to this mission without change.
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second stage, an S-IVB third stage, and an Instrument Unit (IU) shall
launch the spacecraft, propel it through an Earth parking orbit phase and
then into an elliptical trajectory for achieving the desired entry condi-
tions., The spacecraft, which includes an unmanned Command Module
(CM) and a Service Module (SM), shall utilize the SM for propulsion
after injection into the elliptical trajectory to achieve lunar return entry
conditions. The SM shall be jettisoned prior to entry of the CM into the
Earth's atmosphere. The CM shall be slowed to a safe landing by aero-
dynamic braking and, during the final phases of the landing sequence,
by parachute.

3.1.1.2.2 Mission Command A Mission Control Programmer (MCP)

shall be provided on board the CM which, in conjunction
with the CM guidance computer, shall provide all spacecraft commands
necessary for accomplishment of the mission. The MCP shall be capable
of receiving signals from ground-based personnel as a backup. The
MSFN, including ETR stations, shall be used for communications with the
space vehicle and for tracking the space vehicle (those stages of the
launch vehicle and those modules of the spacecraft not jettisoned at the
particular point in the mission).
3.1.1.2.3 Payload The payload for this mission shall be a space-

craft with a structural test unit in place of the LEM, The
objectives of this mission shall include those identified in Apollo Flight
Mission Assignments, M-D MA 500-11.
3.1.1.2.4 Earth Launch Launch capability shall be provided to per-

mit an initial flight azimuth of 072°.

3.1.1.2.5 Earth Parking Orbit No change.
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3.1.1.2.6  Injection Opportunities Not Applicable. (N/A). (2)

3.1.1.2.7 Lunar Landing Accuracy N/A.

3.1.1.2.8 Lunar Exploration N/A.

3.1.1.2.9 Earth Landing The normal Earth landing mode shall be on

water. The capability for water and land landing shall be
as specified in 3.5.1.24,

3.1.1.2.10 Recovery Delete reference to crew.

3.1.2 Program Definition No change.

3.1.3 Operability No change except delete reference to crew and
in 3.1.3.3.2 change "the lunar mission" to "this mission" and

delete reference to the lunar surface.

3.2 Program Standards No change.

3.3 Saturn IB Launch Vehicle N/A.,

3.4 Saturn V Launch Vehicle

3.4.1 General No change except that the launch vehicle control
weights shall be as specified for AS-501 and for AS-502
in Table 10,1~2, Appendix 10.1.
3.4,1.1 Payload The launch vehicle shall provide the payload capa-
bility specified for AS-501 and for AS-502 in Table 10,1-2,
Appendix 10,1,

(2) The phrase "not applicable" is used after a section heading through-
out this appendix to mean that the requirement in the body of the speci-
fication does not apply to this mission,
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3.4.1.2 Standby Time The launch vehicle shall have the capability

to stand by in a loaded condition with propellant topping for
12 hours and still perform the mission.

3.4.,1.3 Prelaunch Checkout No change.

3.4.1.4 In-Flight Performance Evaluation No change.

3.4.1.5 Emergency Detection Subsystem (EDS) AS-501: No change

except that the EDS shall be operated in an open loop mode.
The capability shall be provided to shut down the launch vehicle engines
upon ground command via the spacecraft up-data system. AS-502: No
change.

3.4.1.6 Instrumentation An instrumentation subsystem shall be pro-

vided in the launch vehicle to permit ground personnel to
monitor and evaluate launch vehicle performance.

3.4.1.7 Command Destruct No change,

3.4.1.8 Electrical Power No change.

34 1.9 Attitude Control The S-IVB stage in conjunction with the IU

shall be capable of maintaining the space vehicle at commanded
attitudes for 4.5 hours in Earth orbit. In addition, it shall maintain com-
manded attitudes for injection into elliptical trajectory and for space-

craft separation.

3.4.,2 Structure No change.
3.4.3 Propulsion No change except J-2 engine vacuum thrust shall
be 200,000 + 6,000 pounds in section 3.4.3.2.1.2. Each

+45,000

F-1 engine shall provide a sea level thrust of 1,500,000_0 pounds.
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3.4.4 Guidance, Navigation and Control

3.4.4,1 General The launch vehicle guidance, navigation and con-
trol system shall provide the guidance, navigation and con-
trol functions which are required for the space vehicle from liftoff through
separation of the spacecraft from the launch vehicle. The principal ele-
ments shall be an inertial measurement unit (IMU), a digital computer
and control electronics. These elements shall be located in the IU.
3.4.4.1.1 No change.
3.4.4.1.2 N/A.

3.4.4,2 Accuracy To be provided.
3.4.5 Saturn V Launch Vehicle Communications and Tracking
3.4.5.1 General Add: (e) Television transmission (on AS-502 only).

3.4.5.2 Functional Capability Add:

3.4.5.2.5 Television The television subsystem on the S-IC stage
of Apollo Saturn 502 shall provide transmission to the CIF
in the launch area during the launch phase.

3.4.5.3 Coverage Capability The Saturn V Communication and Track-

ing System shall be able to operate with the MSFN to achieve
the coverage specified in Table 3.7-3 (501/502) of this appendix.
3.4.5.4 Performance The Saturn V Communication and Tracking

System shall meet the requirements specified in Table 3.4-1
(501/502) of this appendix.

3.5 Spacecraft
3.5.1 General The spacecraft shall be composed of a CM, SM, LES,

Adapter and a structural test unit replacing the LEM. The

spacecraft shall be designed to be mated to a Saturn V launch vehicle.
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Spacecraft control weights shall be as specified for AS-501
and AS-502 in Table 10.1-4, Appendix 10.1.

An instrumentation subsystem shall be provided in the space-
craft which shall permit ground personnel to monitor and evaluate space-
craft performance. The spacecraft shall be capable of utilizing data
from Earth-based tracking and computing facilities in conjunction with
onboard computations.

No equipment or components critical to the completion of the
mission shall be dependent on the cabin atmosphere for electrical insu-
lation or thermal conditioning, Only those materials which do not pre-
sent a fire hazard or emit harmful quantities of atmospheric contaminants
when exposed to an oxygen-enriched, low-pressure environment shall be
used in the pressurized inner structural envelope of the CM.,
3.5.1.1 through 3.5.1.3 No change,
3.5.1.4 Standby Time The spacecraft shall have the capability to

stand by in a loaded condition, after launch vehicle pro-
pellant loading, for 10 hours and still perform the mission.

3.5.1.5 Launch and Flight Environment No change.

3.5.1.6 Earth Orbit Environment The spacecraft shall be capable of

operating in the terrestrial space environment as given in
Section 3 of M-DE 8020.008B.
3.5.1.7 through 3.5.1.17 N/A.
3.5.1.18 Sterilization No change.
3.5.1.19 through 3.5.1.21 N/A,
3.5.1.22 Entry The CM shall be capable of controlled flight through

the Earth's atmosphere (as given in 2,5 of M-DE 8020.008B)
to a preselected impact area having a ground range of 2500 nm from the

entry point (defined as the point at which the vehicle first descends
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through the 400,000 feet altitude level)., This shall be possible without
exceeding a 10g deceleration for a nominal inertial entry velocity of
36,300 fps and an equatorial inclination of 400. The design limit entry
load for all CM systems shall be a 20g deceleration.

3.5.1.23 Aerodynamic Characteristics No change,

3.5.1.24 Landing No change.

3.5.1.25 Postlanding The CM shall be capable of floating for seven
days under conditions given in 2.8 of M-DE 8020.008B.

3.5.1.26 Recovery The CM shall be equipped with recovery aids to
assist recovery forces in locating it and in effecting recovery

of the vehicle.

3.5.2 Command and Service Module

3.5.2.1 Structure

3.5.2.1.1 Cabin Space N/A. See 3.1.1.1 (AS-501/502)
3.5.2.1.2 Windows N/A. See 3,1.1.1 (AS-501/502)

3.5.2.1.3 Ingress and Egress N/A. See 3.1.1.1 (AS-501/502)

3.5.2.1.4  Docking N/A.

3.5.2.1.5 Thermal Requirements No change.

3.5.2.1.6  Extravehicular Mobility Unit (EMU) Storage N/A. See
3.1.1.1 (AS-501/502).

3.5.2,2 CSM Propulsion

3.5.2,2,1 General Thrust, specific impulse, minimum impulse and
propellants for CSM propulsion subsystems shall be as
specified in Table 3.5-1 except that SPS thrust shall be 21,500 £ 215
pounds, SPS nominal vacuum specific impulse shall be 311.2 seconds
and SPS minimum vacuum specific impulse shall be 307.6 seconds. The
service life of propulsion subsystems after pre-mission testing shall
allow the engines to be fired for sufficient time to deplete propellants

available when all propellant tanks are loaded to the maximum capacity.

ME——




March 1,

3.5.2.2.

3.5.2.2,
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3.5.2.3.

(a)
(b)
(c)
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2 Command Module Reaction Control Subsystem No change

except delete provisions for dumping unburned propellant,

3 Service Module Reaction Control Subsystem No change

except delete reference to LEM,

4 Service Module Propulsion Subsystem The SPS shall pro-

vide thrust for translational maneuvers of the CSM.

CSM Communications and Tracking

1 General The CSM Communication and Tracking System
shall provide the following capabilities:

Simulated voice communications.,

Telemetry transmission.,

Tracking aid.

Up-data reception,

Recovery beacon transmission.

2 Functional Capability

2.1 Voice Communications A single~frequency tone shall

be used to simulate voice communication from:

The CSM to the MSFN,

The CSM to the launch complex prior to liftoff.

The CM to the recovery forces.

2.2 Telemetry The telemetry subsystem shall be able to:

Transmit operational data from the CSM to the MSFN,

Transmit the data required for postflight analysis.

Operate continuously from liftoff to Earth impact.

2.3 Tracking Aid The tracking aid subsystem shall enable
the MSFN to track the CSM.
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3.5.2.3.2.4 Up-Data The up-data subsystem shall be able to:
(a) Receive data from the MSFN,
(b) Supply up-data verification signals to the MSFN via the CSM
telemetry subsystem.
3.5.2.3.2.5 Television N/A,

3.5.2.3.2.6 Recovery Beacon No change.

3.5.2.3.3 Coverage Capability

3.5.2.3.3.1 CSM-MSFN The Communication and Tracking System
shall be able to operate with the MSFN to achieve the

coverage specified in Table 3,7-1 (501/502) of this appendix.

3.5.2.3.3.2 CSM-LEM N/A.

3.5.2.3.3.3 CSM-EVA N/A.

3.5.2.3.4 Performance The CSM Communication and Tracking Sys-

tem shall meet the requirements specified in Table 3.5-2A
(501/502) and Table 3.5-2B (501/502) of this appendix.
3.5.2.4 Electrical Power Subsystem
3.5.2.,4.1 General The CSM EPS shall generate and distribute all of

the electrical power required by the CSM during all phases
of the flight plus 48 hours of the postlanding recovery period. Until SM
separation, the source of electrical power shall be fuel cells and bat-
teries, After SM separation, CM power shall be supplied by batteries.,
3.5.2.4,2 Nominal Capaci.tyﬁ The EPS shall utilize three liquid hydro-

gen and liquid oxygen fuel cells, and shall be capable of
supplying a total of 575 kwh of electrical energy. Each fuel cell shall
be capable of supplying power over a range from 565 watts to 1400 watts,
In addition to the three entry and postlanding batteries, three 40 amp-hr

batteries shall be available to supply extra power required by the mission
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programmer and R&D instrumentation., The EPS shall be capable of re-
charging the entry and postlanding batteries.

3.5.2.4.3 Sizing N/A.

3.5.2.4.4 Water and Oxygen Supply The EPS shall supply water

and oxygen to the ECS,
3.5.2.4.5 and 3.5.2.4.6 No change,
3e5.245 Integrated Navigation, Guidance and Control System

3.5.2,5.1 General The navigation, guidance and control system
shall be composed of the CM Primary Navigation, Guidance
and Control System (PNGCS) and the Stabilization and Control System
(SCS) with common usage of some elements.
The Primary Navigation Guidance and Control System
(PNGCS) and the Stabilization and Control System (SCS) shall be used
in conjunction with the Mission Control Programmer (MCP) to provide the
CSM with the capability of executing unmanned Apollo Saturn 501 and
502 flight sequences after CSM separation from the launch vehicle and
for guiding the CM to the designated landing area. The MCP and SCS
shall also provide CSM control as a backup mode of operation.
Spacecraft control during the mission shall be provided by
the Apollo Guidance Computer (AGC) in conjunction with the MCP. As a
backup, the MCP shall be able to accept discrete ground commands
independent of the PNGCS so as to provide spacecraft control.
3.5.2,5,1.1 The principal elements of the PNGCS shall be an IMU,
a digital computer, an optical subsystem and controls.
3.5.2,5.1,2 The principal elements of the SCS shall be gyroscopes,
an accelerometer rigidly mounted to the CM structure,

control electronics and controls.
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3.5.2.5.1.3 The PNGCS shall provide means for checkout on the
launch pad utilizing the prelaunch checkout equipment.
3.5.2,5.1.4 The PNGCS shalli:
(@) Permit the AGC to accept commands and navigation data from
the MSFN via the up-data link,
(b) Provide means for monitoring the position, velocity and attitude
of the Apollo space vehicle during burns of the S-IC, S-II and
S~IVB stages.,
(c) Provide for alignment of the SCS inertial attitude reference
from the PNGCS.
(d) Provide for prelaunch alignment of the PNGCS IMU.
3.5.2.6 Display and Control Subsystem N/A.

3.5.2,7 Environmental Control Subsystem The CSM shall be equipped

with a nonregenerative Environmental Control Subsystem (ECS)
which shall provide a conditioned atmosphere and thermal control for the
pressurized inner structural envelope. The ECS shall also provide
thermal control of equipment where needed.

3.5.2,7.1 Atmospheric Supply The pressurized inner structural envel-

ope shall be supplied with pure oxygen to maintain a partial
pressure of oxygen not less than 180 mm Hg throughout the mission and
not more than 300 mm Hg throughout the mission after the launch phase,
referenced to 700F dry bulb. The primary source of oxygen shall be the
EPS located in the SM. The ECS shall be capable of maintaining a cabin
pressure of not less than 3.5 psia for at least 15 minutes following a
0.25-inch diameter puncture., This capability shall not be required in the
CM after SM separation. The ECS shall provide stored oxygen in the CM
for use from SM separation to CM touchdown,

3.5.2.7.1.1 Atmospheric Control No change except delete reference

to crew,
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3.5.2.,7.2 Water Management In addition to water loaded on board

at launch, the ECS shall receive water from the EPS. Ar-
rangements shall be made for storing collected condensate separately.
3.5.2.7.3 EMU Support N/A.
3.5.2.8 Crew Equipment N/A.

3.5.3 Lunar Excursion Module - The requirements of section 3.5.3

in the body of the specification are replaced in entirety by the
following requirements.

3.5.3.1 LEM Structural Test Unit A LEM structural test unit shall

be provided to approximate the LEM structural effects on the
space vehicle. The following requirements shall be satisfied by the
structural test unit:
(a) It shall utilize the LEM attachment points in the Adapter.
(b) It shall approximate the LEM weight.
(c) It shall approximate the LEM center of gravity.
(d) It shall approximate the LEM moment of inertia,

3¢5.3.2 Structural Test Unit Communications and Tracking

3.5.3.2.1 Functional Capability The structural test unit shall be

equipped with a telemetry subsystem to:
(a) Transmit the data required for postflight analysis.
(b) Operate continuously from liftoff through CSM separation,
3.5.3.2.2 Coverage Capability The structural test unit telemetry

subsystem shall be able to operate with the MSFN to
achieve the coverage specified in Table 3.7-1 (501/502) of this appen-

dix.
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3.5.3.2.3 Performance The structural test unit telemetry subsystem

shall meet the requirements specified in the following

table:

Equipment Operating Antenna Modulation
Implementation | Frequency Subsystem Characteristics
VHF Telemeter | 225-260 Mc | The output of all FM

telemeters shall be (3)
VHF Telemeter | 225-260 Mc | multiplexed on a PAM/FM/FM
common omni-
VHF Telemeter | 225-260 Mc | directional antenna. FM

3.5.4 Launch Escape System

3.5.4.1 The LES shall be capable of removing the CM from a malfunc-
tioning space vehicle without exceeding the structural limit of
the CM/LES. It shall provide terminal conditions for the CM which per-
mit safe entry into the lower atmosphere and deployment of the ELS,
3.5.4.2 The LES shall provide abort capability from before until shortly
after second stage ignition when the LES shall be jettisoned.
The LES shall be capable of separating from the space vehicle during a

normal mission without degrading space vehicle performance.

3.5.5 Adapter No change,
3.5.6 Extravehicular Mobility Unit N/A.
3.5.7 Scientific Payload N/A.

(3) This telemetry subsystem shall be compatible with the Inter Range
Instrumentation Group Standards (IRIG Document No. 106-60, "Telemetry
Standards Revised 1962").
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3.5.8 Flight Crew Training Equipment N/A.

3.6 Launch Area

3.6.1 General No change.

3.6.2 Space Vehicle Checkout Systems No change.

3.6.3 Launch Complexes 34 and 37B N/A.

3.6.4 Launch Complex 39 Delete manned Apollo Saturn V require-

ments,

3.6.4.1 Vertical Assembly Building No change.

3.6.4.2 Launcher-Umbilical Tower No change.

3.6.4.3 Crawler Transporter No change.

3.6.4.4 Launch Pads No change.

3.6.4.5 Arming Tower No change.

3.6.4.6 Launch Control Center No change except paragraph (g) is

not applicable.

3.6.5 Direct Launch Support Facilities

3.6.5.1 Operations and Checkout Building No change except delete

requirement for monitoring astronaut performance in para-
graph (e).
3.6.5.2 Central Instrumentation Facility Add for AS-502: (f) Receiv-

ing and recording television signals from the S-IC stage.

3.6.5.3 Central Telephone Office No change.
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3.7 Manned Space Flight Network

3.7.1 General No change.

3.7.2 Functional Capability

3.7.2.1 Voice Communications The voice communication subsystem

shall enable:
(@) Simulated voice communications between the CSM and the MCC.
(b) Duplex, 4-wire voice communications between MSFN stations
and the MCC.
3.7.2.2 Telemetry The telemetry subsystem shall be able to re-

(a)
(b)

(c)

ceive:
Operational data from the CSM.
Operational data from each stage of the launch vehicle and the
IU simultaneously with (a).
Engineering data from the space vehicle simultaneously with
(a) and (b).

3¢e7.2.3 Tracking The tracking subsystem shall be able to:

(a)

(b)

(c)

Track in angle and range the radar transponders in the IU and
CSM during flight,

Track the transponders in the launch vehicle in angle, range
and range rate during the launch phase.

"Skin" track the CM during entry.

(d) Provide sampled tracking data for transmission to the MCC and,
where required for on-site computation,
3.7.2.4 Digital Command Communications No change.

3.7.2.5 Television N/A.

3.7.2.6 Display and Control The LEM reference is not applicable,

209-774 O - 66 ~ 15
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3.7.2.7 Data Processing No change.

3.7.2.8 Timing No change.

3.7.3 Coverage Capability The MSFN station in the launch area

shall be able to support the prelaunch checkout of the space
vehicle on the launch pad.
The MSFN shall provide the coverage capabilities for:
(@) The CSM and structural test unit as specified in Table 3.7-1
(501/502) of this appendix.
(b) The Saturn V launch vehicle as specified in Table 3.7-4 (501/
502) of this appendix.

3.7.4 Performance No change except the MSFN shall operate with the
space vehicle subsystems as specified in 3.4.5, 3.5.2.3. and

3.5.3.2 of this appendix. ‘

3.8 Mission Control Center No change except delete 3.8.1 (d).

4,0 Quality Assurance No change.
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APPENDIX 501/502
TABLE 3. 4- |
SATURN V LAUNCH VEHICLE COMMUNICATIONS AND TRACKING REQUIREMENTS
APOLLO - SATURN 501/502

STAGE UIPMEN OPERATING FREQUENCY
| MPPEMENTATION 8‘;”@»5’5% ANTENNA SUBSYSTEM MODULATION CHARACTERISTICS REMARKS
SUBSYSTEM TRANSMIT RECEIVE
S-1IC ® SEE NOTES |, 2 AND 3
TELEMETRY PCM/FM TELEMETER ONE 225-260 Mc OMNI-DIRECT!ONAL PCM/FM © PO BIT RATE SHALL BE 72 KILOBITS/SECOND
® SEE NOTES | AND &
FM/FM TELEMETER ONE 225-260 Mc SEE NOTE 5 FM/FM

[} PAM/FM/FM MODULATION UTILIZED DURING R & D FLIGHT PROGRAM

;/(:MIFgFMLIj/M/Uj////w{///lzzs-,zson; ’//// ]///ssz:m;s///////m/m/m/// o S "°TES""°V/ // /
il S Nl LA ke T T e 7 N5l 77 7

L L

® TIIS SYSTEM SMALL BE COMPATIBLE WITH RANGE SAFETY COHMAMD

COMMAND DESTRUCT RECEIVER AND DECODER ™0 400-450 Mc OMN1=DIRECTIONAL TRANSMITTERS INSTALLED AT STATIONS OF THE ETR
TRACKING 0DOP TRAMSPONDER ONE UHF UKF FIXED DIRECTIORAL
7 7 v 7 7.7 ¥ 77V 7
ELEVISION TELEVISION TRANSMITTER ONE 1700-1730 M NoT CARRTED o As £ 504
S-H ® SEE NOTES I, 2 AND 3
PCM/FM T - - !
TELEMETRY CH/FM TELEMETER ONE 225-260 Mc OMit1-DIRECTIONAL PCMIFM ® PCM BIT RATE SHALL BE 72 KILOBITS/SECOND

SEE NOTES ! AND U
PAM/FM/FM MODULATION UTILIZED DURING R & D FLIGHT, PROGRAM

T W Y A I I 04
PAM/FM/FM TELEMETER ONE - §
/ // M/FM TEL MET/E A o / /225 260 uc/ SEE NOTIE & PAFIFM/FM . sse uors‘ AND 4
' . // / / / / /////// /
SS/FM TELEMETER ™0 225-260 Mc SEE NOTE 5 ~ SS/FM ® SEE uorz 4
4. Z / £ <A y4 L2 / £ /

L 4

FM/FM TELEMETER TWG 225-260 Mc SEE NOTE & FM/FM

@ THIS SYSTEM SHALL RE COMPATIBLE WITH RANGE SAFETY COMMANMD
TRANSMITTERS INSTALLED AT STATIONS OF THE ETR

OMNI-DIRECTIONAL

COMMAND DESTRUCT RECEIVER AND DECODER

@ SEE NOTES 1. 2 AND 3
N = . .
ELENETRY oM A ™ 225-a80 e QU1 -DIRECTIONAL il ® PCH BIT RATE SHALL BE 72 KILORITS/SECOND

s /S 77 Ve, 7/ @ SEE NOTES | AND 47
/ FM/FM TELEMETER B / ONE 7 /225-250 Me / 4 SEE nés / A/n/// AR A ////// / Y
/ , y ) / / / @ PAM/FM/FM WODULATION UTILIZED DURING R & D FLIGHT PROGRAM
f o / / / // // /
PAM/FM/FM TELEMETER ™0 225-260 Mc SEE NOTE 5 PAM/FM/FH sr_s uorzs I AND
s - A - A A /

L

7 e v
3/FM TELEMETER one /25250 we ;//1// szz/uon/ /Jss[/ru/ /4/555 NOTE 4 //// /

® THIS SYSTEM SHALL BE COMPATIBLE WITH RANGE SAFETY COMMAND

COMMAND DESTRUCT RECEIVER AND DECODER T™O 400-450 Me OMNI-DIRECT IONAL TRANSMITTERS INSTALLED AT STATIONS OF THE ETR
INSTRUMENT UNIT @ SEE NOTES I, 2 AND 3

TELEMETRY PCM/FM TELEMETER ONE 225-260 Mc OMY 1-DIRECT IONAL PCM/FM ® PCM BIT RATE SHALL BE 72 KILOBITS/SECOND
@ THE TELEMETRY SHALL CONTAIN ALL S-(VB/1U MISSION CONTROL DATA
® SEE NOTES | AND 2

S-1VB

FIXED DIRECTIONAL

PCM/FM TELEMETER ONE $-PAND VAR ABLE BEAMWIDTH PM/FM ® PCM BIT RATE SHALL DE 72 KILOBITS/SECOND
® TRANSMITS THE S
H i
® SEE NOTES 1 AND § 3
FM/FM TELEMETER onE 225-260 Me MULTIPLEXED WITH OUTPUT FM/FM

OF 1 VHF POM/PM TELEMETER]
. enTn e MULTIPLEXED WITH OUTPUT Y / 7\
//m//m/m T}EME}R / /one P 225-260 Mc /] /// 0% 10 yur PouirH TELMETE m/m/m o/sss ;DTES/I Mo 8
o TELEMETE ° MULTIPLEXED WITH OUTPUT 77
ss/Py TELEMETES /// ONE 225260 Mc / / OF 10 V¥F POMTEN TE’LMT)J// ssIF Ao e pores 4

® THIS SYSTEM SHALL PROVIDE TELEMETRY TRA"SHISSION UP-DATA
RECEPTION AND TRACKING ASSISTANCE TO THE M

MULTIPLEXED WITH
COMMAND AND COMMUN | CAT 10N ONE S-BAND OUTPUT OF 1U S-BAND PCM/PM/PH ® UTILIZES SAME OPERATING FREQUENCIES AS m: LEM USB SYSTEM
SYSTEM (CCS) PCH/FM TELEMETER ® SEE NOTE 2

@ THE CCS TRANSMITS THE SAME BIT STREAM AS THE S-1VB VIF
PCM/FM TELEMETER AT A BIT RATE OF 72 KILOBITS/SECOND

— — — — —— — — — — —— — — — — — —— — — — — —— — — — AL,
PSK/FM/PM ® NO MORE THAN ONE CORRECT MESSAGE SHALL WE REJECTED PER
UP - DATA ccs $-BAND SUBCODED 5-BIT WORDS 1000 CORRECT MESSAGES AND NO MORE THAN ONE PER [0
A" 1000 BITS/SECOND INCORRECT MESSAGES SHALL BE ACCEPTED
—— e ———t ————— e s e s — e —— — T e e T TR IR =
240:221 TO THE RECEIVED FREQUENCY
TRACKING AID ces $-sano $-BAND P @ COHERENT TURN-AROUND CARRIER

@ COHERENT TURN-AROUND RANGE CODE
@ UTILIZES CODING DIFFERENT FROM C-BAND

C-BAND
RADAR TRANSPONDER ONE C-BAND C-BAND OMNI-NIRECT IOMAL PULSE RADAR TRANSPONDERS ON SPACECRAFT
AZUSA TRANSPONDER ONE C-BAND C-BAND OMN | -DIRECTIONAL 2]
3/ 1] 6¢
HOTES:
LEGEND
i. THIS TELEMETRY SUBSYSTEM SHALL BE 3. THIS PCM/FM TELEMETRY SUBSYSTEM SHALL TRANSMIT 5. UP TO 4 VHF STAGE TELEMETERS SHALL BE
COMPATIBLE WITH THE INTER RANGE THE PCM BIT STREAM REQUIRED FOR REAL-TIME MULTIPLEXED ON A COMMON ANTENNA SUB-
:P:ﬂgugg:mgglﬂgko%&sTsfaﬂgﬁ'zz'm" USE ViA COAXIAL CABLE TO THE CHECKOUT SYSTEM. WHEN MORE THAN U VHF STAGE
. 106- FACILITY IN THE MILA PRIOR TO LIFT-OFF TELEMETERS ARE CARRIED, A SECOND t
STANDARDS REVISED 1962"). AND VIA AN RF LINK PRIOR TO AND AFTER LIFT-OFF. OMNI-DIRECTIONAL ANTENMA SUBSYSTEM EQUIPMENT/FUKCT 0N CODING
SHALL BE PROVIDED.
THIS LUNAR
2. ALL PCM TELEMETRY SUBSYSTEMS SHALL BE DESIGNED 4. THIS TELEMETRY SURSYSTEM SHALL TRANSMIT FLIGHT MISSION
lrg 7821?55‘:0.5"?35..333557855‘?35552"35?:% DATA REOUIRED ONLY FOR POST-MISSION 6. NOT PRESENTLY SCHEDULED FOR OPERAT)ONAL
MEASURED FROM LAUNCH YEHICLE ENCODER TO EARTH- AMALYSIS VIA AW RE LINK. SATURN v LAUNCH VEHICLES. HOWEVER, REQUIRED REQUIRED
BASED DECOSCR, PROVISIONS TO CARRY THIS TELEMETER SHALL
BE INCORPORATED OK ALL SATURN ¥ LAUNCH REQUIRED 0T
VEHICLES THROUGH AS-506. N REQUIRED
NOT
REQUIRED REQUIRED
NOT NOT
REQUIRED REQUIRED
TABLE3. 4-1

APOLLO - SATURN 501/502
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APPENDIX 501/502
TABLE 3.5 -2A
CSM COMMUNICATIONS AND TRACKING REQUIREMENTS
APOLLO-SATURN 501/502

NUMBER OPERATING FREQUENCY

SUBSYSTEM EQUI PMENT OF .
IMPLEMERTATION WIS | roamomt 1 recerve | AVENNA SUBSYSTEM | - MODULATION CHARACTERISTICS REMARKS

VOICE COMMUNICATIONS
{SEE NOTE 1) UNIFIED S-BAND SYSTEM @ SEE TABLE 3.5-2B FOR REQUIREMENTS

© ALTERNATE NEAR-EARTH VOECE COMMIKICATIONS CHANNEL \'ll
SIMPLEX NODE OF OPERATION

@ PRINARY YQICE CMN!CATIGHS CHANNEL WITH LEM V1A s:mzx
NODE OF QPERATION

L ] PHMRV TMISI!ITTER FOR WP 'NC( wmﬁﬂﬂ’
WiTH

WITH MSFN VHF TRANSCEIVER #1 ONE VHF YHF OMN 1D IRECT |ONAL DSBAM TRANSMIT :
USBAM RECEIVE © ALTERRATE BACK-UP FOR ¥OICE mwmus il eu ¥k
SIMPLEX MODE OF OPERAT [ON
© ALTERNATE VOICE COMMUN ICATIONS CHAMEL W1TH nwov:v
FORCES ViA SIMPLEX MODE 0F GFERATION
@ PROVIDES BEACON MODE OF OPERATION FOR OF Anu LAND IR
o ) ® UTILIZED FOR VOICE AND BATK ‘tumlssm
WITH MSFN YHF TRANSCEIVER 2 HE wHE MULTIPLEXED W)TH DIBAM TRANSNIT SIMULATION DURING % & 0 FLIGHY PROGRAN
I TRANSCEIVER 4 DLBAM RECEIVE ® SEE "VOICE COMNUNICATIONS wity LEMe
|_ —_— . i
I WiTH LEM YHE TRANSCEIVER #1 YHF VHF ® SEE "VOICE COMMUNICATIONS WiTH MSFM°
| ® BACK-UP VOICE COMMUNICAT LONS CHARMEL WITH LEM VIA SIMPLEX
MODE OF OPERAT N
I ; ©® RECEIVES LEM PCM/AN DATA ;
WITH LEM YHE TRANSCEIVER #2 : MULTIPLEXED WiTH DSBAM TRANSHIT
ONE VHF YHE TR ER o) DAt ReareM ® PRIMARY RECEIVER FOR CUPLEX YOICE COMMUNICATIONS WITH-EVA
I . @ RECEIVES EVA BIONEDICAL: DATA SIWLYMKWSLY wTH B
VOICE
@ ALTERNATE BACK-UP FOR VOICE COMMA [CATEONS WITH EVA. )
SIMPLEX MODE OF OPERATIONS: .. .
l WITH EVA VHE TRANSCEIVER #1 VHF VHF @ SEE "VOICE cmmcmous vm [
I WITH EVA VHF TRANSCEIVER #2 VHF VHE @ SEE "VOICE COMMUNICATIONS WiTR LEN®
Pos— G com— ——— i
WiTH RECOVERY FORCES HF TRANSCE IVER ONE ME WE OMN1=DIRECTIONAL M, CW, 5B @ PROVIDES BEACON MODE OF OPERATION FOR DF AFTER LANDING
B @ HF RECOVERY ANTENNA DEPLOYED AFTER LAND!NG
ettt EEm  SE— SR S——— ~
VHF TRANSCEIVER #| ¥YHF VHF MULT | PLEXED WITH VHF ® SEE " "
WITH RFCOVERY FORCES BEACON ANTENNA FTER ENTRY SEE "VOICE COMMUNICATIONS WITH MSFN
Pttty
KEYING COMMUNICATIONS
TO MSEN UNIFIED S-BAND SYSTEM @ SEE TABLE 3.5-2B FOR REQUIREMENTS
—
TELEMETRY
TO MSFN UNIFIED S-BAND SYSTEM ©® SEE TABLE 3.5-28 FOR REQUIREMENTS
4 @ UTILIZED FOR VOICE AND DATA TRANSHISS (0N SIMILATION DURING

R & D FLIGHT PROGRAK / \/\ / \ 7
SEE "VOICE COMMUNICATIONS WiTH LEM®

/pcu/ﬁﬂ‘*?l s Tt i.“' it SIS Feeehie i-e

TO MSFN VHF TRANSCEIVER #2 ™

N
T TV T 4
PCM/FM TELEMETER / /NE /225-40 '{// 4‘%’2’;;&5!:: ;‘:T"
s/ / L LA A, /

.. KILOBITS/SECOND ’
/ / / / NRZ-C SERIAL BIT STREMM ALSO PROYIDES PLAYBACK OF RECORDED CSM PCN TELEHETRV
TO MSF e TELN )\Q% '{ X j}. Muﬁm&oﬁu ' @ TRANSMITS DATA REQUIRED ONLY FOR POST-FLIGHT ANALYSIS
PAM /FM/FM TELEMETER ™0 225-260 Mc Pm/rn/ru -
musce«vzn
VAV GV X JIN S KX X X XXX
7 7 7 77, 7
10 MS{N /] mlnﬂru T/Eménf //onz //{ 225_250/“‘: /// ///// /// Zn/FM/Fu /// e TRiNsHITS DATA Reoumso ONLY FOR Posr-ruenr mus:s
LAz 2 2 AL AN, ya yd /5“"‘"”//////// Z
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FROM LEM YHF TRABSCEIVER $2 VHF PCM/AM @ SEE NOTE ¥
®PCH BIT RATE OF 1.6 KILOITS/SECOND
FROM EVA YHF TRARSCEIVER #2 , vHe FH/ A @ 3EE "VOICE COMMUNICATIONS WITH LEM®
TAPE PLAYBACK
TO MSFN UNIFIED S-BAND SYSTEM @ SEE TABLE 3.5-28 FOR REQUIREMENTS
77 777 7 - 7 7 ' 7 7 7 7 7
bTO A // e TELEMETH// /// //zzs-/zso ? /// // V// // // // // // / /SEE "TEme il // // //
Z L2 2 ya
, 7S ) ) ( V /
TO MSFN, CH/FM TELEMETER ONE 225-260 Mc PCUTFM © TRANSHITS "5°°"°E" PCM/FM D‘“
X Y X X PN ® SEE NOTES 2,3 AR 5 ¢ D )
TELEVISION
TO MSFN UNIFIED S-BAND SYSTEM ©® SEE TABLE 3.5-28 FOR REQUIREMENTS
l{g&gmﬁm 6) FROM MSFN UNIFIED S-BAND SYSTEM ® SEE TABLE 3.5-28 FOR REQUIREMENTS
|77/////// /7 / V' / /) vl / / y S S 7SS 7SS
FROM MSFN nzcz«vsn AND DECODER ONE / / 400-450 Mc / TRANSCEIVER #! PSKIFM @ SUBCODED 5-BIT WORDS AT |ooo BITS/SECOND /
e L AN v 20 2 LA V ¢ 7 n-FLIGHT awTER As s 7 2 7
TRACKING AID
TO MSFN UNIFIED S-BAND SYSTEM ® SEE TABLE 3.5-28 FOR REQUIREMENTS
7 /s /7 /7 /7 7 7 /7 7 77/
F 10 MSFN/ / C-BAND RADAR / € / / c-umo// /c-u/mn/ %l_ﬁﬁﬂ/m‘{ ////rm.sz //// & UTILIZES CODING DIFFERENT FROM LAUNCH VEHICLE AND LEM
f‘ £ / e 2 ya / pa y. VY4 ook k. / ] FOM0 RADRR TRANSPONOERS” /'~ /S / /
i TO LEM AT ONE 1-8AKD X-8AND OMM 1 -DIRECT 1ONAL iy A @ THREE TONE RANGE CODE AND CARRIER CONERENT TURR-AROIND
BEACON @ YHF RECOVERY ANTENNA DEPLOYED AT MAIN CHUTE DEPLOYMENT
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MULTIPLEXED WiTH VHF . ’
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3/ t/66
ROTES:
1. THE MINIMUM WORD INTELLIGIBILITY SHALL 3. THIS TELEMETRY SUBSYSTEM 5. THIS PCM TELEMETRY SUBSYSTEM SHALL LEGEND
BE 90% FOR NORMAL VO)CE COMMUNICATIONS SHALL BE COMPATIBLE WITH THE CAPABLE OF TRANSMITTING THE FCM BIT STREAM
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NOT NoT
REQUIRED REQUIRED
TABLE 3.5-2A

APOLLO-SATURN 501/502



209-774 O - 66 (Face p. 501-16) No. 3

APPENDIX 501/502
TABLE 3.5 -28B

CSM UNIFIED S-BAND COMMUNICATIONS AND TRACKING REQUIREMENTS
APOLLO-SATURN 501/502

FQUIPMENT NUMBER OPERATING FREQUENCY
SUBSYSTEM IMPLEAENTATION oF —{  ANTENNA SUBSYSTEM CHATOULATION REMARKS
UNITS TRANSMIT RECEIVE
VOICE COMMUNICATIONS
(SEE NOTE 1) © TRANSPONDER FREQUENCY SHALL BE CONERENT WITH SIGNALS
FM/PM TRANSMIT - RECEIVED FROM THE MSFN AND IN THE RATIO OF 290:22)
WITH MSFN ™ TRANSPORDER ™o - s-8mp Q1 -DIRECTIONAL 1.25 Mc SUBCARRIER © REUY YOICE XD TELHTRY COMMAICATIINS W TH £V

FM/M RECEIVE
9 Xc SUBCARRIER omwvnmu mlu.

®_ TRANSPONDER ALSO
| KEVED ‘lfsﬂﬂl, U’-ﬂﬂ l!ﬁ!
T ASSESTANCE 10 THE MgFN,

@ EMERSENCY YOICE YRARMMISSION

™ TRAIMIT H
AT aaseaun I* ml wmu;v i8 :mwa oy
S - = .jg.
W EMERENCY YOICE RECEPTION. R
TH/PM RECEIVE ® THIS CAPABILITY IS nonnn ulu‘ -aim wuluﬂ
78 Kc SUBCARRIER ﬂ‘; saletlou ANEQUS  PW AND PN w-mmt %

® SEE "UP-DATA FAOM MIFK®

V— / / / / e p——— //ﬁ: ray
@ THIS TRANSMITTER OPERATES ON THE SAME FREQUENCY AS THE
I / / TRANSPONDER, THEREFORE/ 1T |$ PROYIDED .O:I,;'(:: ;»:gs'zl o;ul:m
WILTIPLEXED MITH WAICH SIMULTANEOUS PM AND FM $-BAND
A i /1 s $-BAND TRANSPONDER T REQUIRED. S s S S S/
WITH MSFN TRANSMITTER #1 OnE -BAND OMX1-DIRECTIONAL ru/nc TRAN. o YOICE RECEPTION IS ACHIEVED VIA PM RECEPTION OF uo X
r ANTENNA SYSTEN | 2% M sulcml: / LELEU A Y A A4
/ © TRANSMITTER ALSO PROVIDES FOR TELEMETRY, sclmmc
/ DATA, TELEYISION, AND TAPE PLAYBACK TRANSHISSION TQ
) 4 4

yd / ;7L L LS

Xy MWEA‘%O;SSFN I e @ SEE *YOICE COMMMNICATIONS WITH HSFN®
e $12°te SeacARRIER © TRANWITTED ALDWE - BAGKUP: FOR YOLCE TRURNI¥STON

N
\

N

© SEE "VOICE COMMUNICATIONS WITH MSFN®

PO/ PU/PM © SELECTABLE BT RATES OF 51.2 KILOBITS/SECOND AND
1.024 Mc SUBCARRIER 1.6 KILOBITS/SECOND
NRZ-C SERIAL BIT STREAM @ SEE NOTES 2 AND 3

TO MSFN P TRANSPONDER $-BAND

© SEE "VOICE COMMUNICATIONS MITH MSFN*

7 w.c::‘f:‘;““ 1.26 Me @ RELAY OF COMPOSITE EVA VOICE AND 7 CHANMELS OF EVA
VOICE SUBCARRIER TELEMETRY ON VOICE SUBCARRIER WHEN SIMULTANEOUS PW
ARD FM S~BAND TRANSMISSION CAPABILITY IS PROYIDED.

74 77 YT
/ / % L ) i L iy
nZ-¢ muL 81T STRE
T0 MSFN/ M TRANSMITTER ll 3‘“"“/ Z L L L < jf: r 2 :}D ’/ / /
/ I/m // 45& "voice co}mugnmg viTH wsFue / /

/ / % tc, 126 Ko, 105'sc /| 7 PROVIOES 3 CHMMELS o REML TiNE SCIENTIFIC oA
. V4

o

\\\ )

SUBSCARRIERS TRANSHISSION TO THEMSFN 7
// / / ® ux mmnom SUBCARRIERS ARE ALSO AVAILABLE
4 Z Vd Z y ondimmmisnstironeiin

| 4 .
L] lms TRANSMETTER 1S PROVIOES ORLY OR THOSE FLIGWTS
I : O WHICH SIMILTANEOUS PH AD RN S~SAND. TRANSNISSION
l gty
TO MSFN PUTRARSNITTER £2 one C semam HILTIMENED WITH i di ® TRANSHITTER ALSO PROVIDES $OR TELEVIS]
8080 TRANSPONDER *® s PLAYBACK TRANSHISSION TO TRE MYFR.

l NTENNS 3YSTEN

TO MSFN M TRANSHITTER #1

© PROVIDES 3 CHMWRELS OF REAL THNE.
TRANSMI SSIOK T0 THE MSPX :

// /// v/ / /"
/ ® SEE "VoICE cowmmons wm usnl' ;
y
Y \ LR /
NN A\ ® RECORDED sCIEITIFH‘. DATA - 8 ¢ CHMIEI.S\
* l;ﬂltl:::lllélsus ke $IX ADDITIONAL cm{m.s \n: A@ AVAIM}E\
D NE NN NN
A'ALW SUICAIIIE y v
AR YN ANEATFAY
}\QZ\ RECORDED CSM PCH TELEMETRY AT mM
1. 02' W: SUDCAﬂRIE

N
NN

51,2 KILOBITS/SECOND RATE
AAVAV; N\ ¢

ﬁ. SEE *TELENETRY TO MSFN*

A :
98 K6, 128 Kc, i85 K¢ . ] @ RECORDED SCIENTIFIC DATA - 8 CHANNELS
SoReARRIERY | D &
TO MSFN N TRMBHTTER 42 A | ® RECORDED VOICE
@ RECORDED CSN PCM TELEMETRY ‘AT APPARENT
1,00 ::“aé::tm B1.2 KILOBITS/SECOND

™ @ RECORDED LEM 1.6 X{LONIVE fmmm.ltmn
AT BASEBAND APPARERT 5.2 KILOBITS/SECOND

S A A AL AT II S 55 505 055

A THNITTO 92 . I ... B & SEE “TELBMTRY TO MgN
UP-DATA o pSK/NIM @ SEE "YOICE CONMUNICATIONS WITH MSFN®
(SEE NOTE4)  FROM MSFN PHTRANSPONOER AN 70 Kc SUBCARRIER ® SUBCODED 5-BIT WORDS AT 1000 BITS/SECOND
TRACKING AID P RECEIV @ SEE "YOICE COMMAMICATIONS WITN MSFN"
] SODE AT BASEBAND
TO MSFN P TRANSPONOER $-8AND $-BAND PR TRANSMIT- @ COMERENT TURN-AROIND CARRIER
P*l COOE AT BASEBAND © COHERENT TURM-AROUND RANGE CODE
3/ 1/66
noTES:
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503-1 March 1, 1966

Apollo Saturn Mission 503

1.0 Scope This appendix to the Apollo Program Specification identi-
fies the performance, design and test requirements which apply
to the Program elements to be utilized for Apollo Saturn Mission 503
(AS-503). These requirements are presented in this appendix as devi-
ations to the requirements specified in the body of the specification.
Unless otherwise noted, the paragraphs in this appendix replace in their
entirety the identically numbered paragraphs in the body of the specifica-

tion.

{1

1y
1.1 Applicability No change, '’

1.2 Change Approval No change,

2.0 Applicable Documents No change.

3.0 Requirements
3.1 Performance
3.1.1 Characteristics

3.1.1.1 General Add: To the extent practicable, the hardware used
on AS-503 shall be of the same design as that to be used for
the lunar landing mission.

3.1.1.2 Mission Performance

3.1.1.2.1 Mission Mode For this mission the Saturn V launch vehicle,

consisting of an S-IC first stage, an S-II second stage, an

S-IVB third stage, and an Instrument Unit (IU) shall launch the spacecraft

(1) The phrase "no change" is used after each section heading through-
out this appendix to mean that the requirement in the body of the speci-
fication applies to this mission without change.
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from the Cape Kennedy launch area (LC 39B) and propel it through an
Earth parking orbit phase into an elliptical trajectory. The manned
spacecraft, which includes a CM, SM, and a LEM, shall utilize the
spacecraft propulsion systems for maneuvering after injection into the
elliptical trajectory and for return to a circular Earth parking orbit.
After Earth parking orbit operations, the SPS shall be used to reduce the
spacecraft velocity sufficiently for entry, The SM shall be jettisoned
prior to entry of the CM into the Earth's atmosphere, The CM shall be
slowed to a safe landing by aerodynamic braking and, during the final
phases of the landing sequence, by parachute. This mission shall

simulate, to the greatest practicable degree, the lunar landing mission.

3.1.1.2.2 Mission Command No change,

3.1.1.2.3 Payload The payload for this mission shall include a
manned spacecraft. The objectives of this mission shall

include those identified in Apollo Flight Mission Assignments, M-D

MA 500-11,

3.1.1.2,4 Earth Launch Launch capability shall be provided to per-

mit an initial flight azimuth of 072°.

3.1.1.2,5 Earth Parking Orbit No change.

3.1.1.2.6 Injection Opportunities Change "a lunar transfer" to "an

elliptical, "

3.1.1.2.7 Lunar Landing Accuracy No change.

3.1.1.2.8 Lunar Exploration Not applicable. N/A. (2)

(2) The phrase "not applicable" is used after a section heading through-
out this appendix to mean that the requirement in the body of the speci-
fication does not apply to this mission,
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3.1.1.2.9 Earth Landing The normal Earth landing mode shall be on

water. The capability for water and land landing shall be
as specified in 3.5.1.24.

3.1.1.2.10 Recovery No change.

3.1.2 Program Definition No change.

3.1.3 Operability

3.1.3.1 Logistics No change.
3.1.3.2 Safety No change,
3.1.3.3 Reliability

3.1.3.3.1 Equipment Reliability No change.

3.1.3.3.2 Environmental Hazards Change "the lunar landing mission"

to "this mission" and delete reference to the lunar surface.

3.1.3.3.3 Crew Safety No change.

3.1.3.3.4 System Design Policy No change.

3.1.3.3.5 Reliability Assurance No change.

3.2 Program Standards ' No change.

3.3 Saturn IB Launch Vehicle N/A.

3.4 Saturn V Launch Vehicle

3.4.1 General No change except the launch vehicle control weights
shall be as specified for AS-503 in Table 10,.,1-2, Appendix
10.1.
3.4.1.1 Payload The launch vehicle shall provide the payload
capability specified for AS-503 in Table 10.1-2, Appendix
10.1,
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3.4,1.2 Standby Time The launch vehicle shall have the capability

to stand by in a loaded condition with propellant topping for
12 hours and still perform the mission.

3.4,1.3 Prelaunch Checkout No change.

3.4.1.4 In-Flight Performance Evaluation No change.

3.4.1.5 Emergency Detection Subsystem (EDS) No change.

3.4.1.6 Instrumentation No change.
3.4.1.7 Command Destruct No change.
3.4.1.8 Electrical Power No change.

3.4.1,9 Attitude Control Change "translunar" to "elliptical."”

3.4.2 Structure No change,

3.4.3 Propulsion No change except each S-~II stage J-2 engine
vacuum thrust shall be 200,000 £ 6,000 pounds. S-IVB J-2
engine vacuum thrust shall be 205,000 £ 6,150 pounds. Each F-1 engine

+
shall provide a sea level thrust of 1,500,000 _35'000 pounds.
3.4.4 Guidance, Navigation and Control No change except in

3.4.4.1.2 (c) change "translunar" to "elliptical trajectory. "

3.4.5 Saturn V Vehicle Communications and Tracking

3.4.5.1 General Add: (e) Television transmission.

3.4.5.2 Functional Capability Add the following paragraph:

3.4.5.2.5 Television The television subsystem on the S-IC stage
shall provide television coverage of S-IC/S-II separation

to the Central Instrumentation Facility.
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3.4.5.3 Coverage Capability The Saturn V Communication and Track-

ing System shall be able to operate with the MSFN to achieve
the coverage specified in Table 3.7-3 (503) of this appendix.
3.4.5.4 Performance The Saturn V Communication and Tracking Sys-

tem shall meet the requirements specified in Table 3.4-1
(503) of this appendix. The Command and Communication System (CCS)
in the IU, which operates at the same frequencies as the Unified S-Band
(USB) subsystem in the LEM, shall be capable of being deactivated after
separation of the spacecraft from the launch vehicle. VHF telemeters on
board the launch vehicle shall be inoperative when spacecraft communi-

cations systems utilizing the same frequencies are operated.

3.5 Spacecraft

3.5.1 General No change except that spacecraft control weights
shall be as specified for AS-503 in Table 10.1-4, Appendix

10.1. Delete reference to AV budget,

3.5.1.1 Prelaunch Environment No change.

3.5.1.2 Prelaunch Checkout No change.

3.5.1.3 In-Flight Performance Evaluation No change.

3.5.1.4 Standby Time The spacecraft shall have the capability to

stand by in a loaded condition, after launch vehicle pro-
pellant loading, for 10 hours and still perform the mission.
3.5.1.5 Launch and Flight Environment No change.
3.5.1.6 Earth Orbit Environment No change.
3.5.1.7 Translunar Environment N/A, See 3.1.1.1 (AS-503).

3.5.1.8 Transposition No change,

3.5.1.9 One-Man Operation Delete reference to lunar operations.

3.5.1.10 CSM/LEM Abort No change.
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3.5.1.11
3.5.1.12
3.5.1.13
3.5.1.14
3.5.1.15
3.5.1.16

8020.008B.

3.5.1.17
3.5.1.18
3.5.1.19
3.5.1.20

from the descent stage.
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Separation Time No change,

Descent Abort N/A.

Translational Range N/A.

Lunar Environment N/A. See 3.1.1.1 (AS-503).

Lunar Landing N/A., See 3.1.1.1 (AS-503).

Lunar Operations The LEM shall be capable of accommodating

the temperature of lunar day as given in 5.7 of M-DE

Scientific Equipment Support See 3.5.7 (AS-503).

Sterilization No change.

Launch Platform N/A.

Ascent Stage Operations Using the LEM Ascent Propulsion

Subsystem, the ascent stage shall be capable of separating

The ascent stage shall be capable of operation

independent of the descent stage for at least the time necessary to

achieve the objectives specified in 3.1.1.2.3 (AS-503).

3.5.1.21
3.5.1.22

a preselected water landing area.

ceeding a 10g deceleration for an Earth orbital entry.

Rendezvous and Dock Change "lunar" to "Earth."

Entry The CM shall be capable of controlled flight through

the Earth's atmosphere (as given in 2.5 of M-DE 8020.008B) to
This shall be possible without ex-

The design limit

entry load for all CM systems shall be a 20g deceleration.

3.5.1.23
3.5.1.24
3.5.1.25
3.5.1.26

Aerodynamic Characteristics No change.

Landing No change.
Postlanding No change,

Recovery No change.
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3.5.2 Command and Service Modules

3.5.2.1 Structure. No change.

3.5.2.2 CSM Propulsion

3.5.2.2.1 General No change except that AV numbers in Table 3.5-1
are not applicable,

3.5.2.2.2 Command Module Reaction Control Subsystem No change.

3.5.2.2.3 Service Module Reaction Control Subsystem No change.

3.5.2.2.4 Service Module Propulsion Subsystem No change.

3.5.2.3 CSM Communications and Tracking

3.5.2.3.1 General No change.

3.5.2,3.2 Functional Capability No change.

3.5.2.3.3 Coverage Capability

3.5.2.3.3.1 CSM-MSFN The CSM Communication and Tracking
System shall be able to operate with the MSFN to achieve

the coverage specified in Table 3.7-1 (503) of this appendix.

3.5.2.3.3.2 CSM-LEM No change.
3.5.2.3.4 Performance No change except that a C-Band Radar Trans-

ponder, utilizing an omni-directional antenna subsystem and
pulse modulation shall also be carried. Interrogation coding differing
from the launch vehicle and LEM radar transponders shall be utilized.,

3.5.2.4 Electrical Power Subsystem

3.5.2.4.1 General Change "during translunar and lunar orbit phases"
to "while docked."

3.5.2.4.2 Nominal Capacity No change.

3.5.2.4,3 Sizing No change.

3.5.2,4.4 Water and Oxygen Supply No change.

3.5.2.4.5 Pyrotechnic Firing Circuit No change.

3.5.2.4,6 Ground Support No change.
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3.5.2.5 Integrated Navigation, Guidance and Control System

3.5.2.5.1 General No change.
3.5.2,5.1.1 No change.
3.5.2,5.1.2 No change.
3.5.2,5.1.3 No change.
3.5.2.5.1.4 No change
3.5.2.5.1.5 The PNGCS shall:

(@) Delete "and lunar landmarks."

(b) No change.

(c) No change.

(d) Change "lunar" to "Earth."

(e) No change.

(f) No change.

3.5.2.,5,2 Accuracy No change.
3.5.2.6 Display and Control Subsystem No change.

3.5.2.7 Environmental Control Subsystem No change.

3.5.2.8 Crew Equipment No change.

3.5.3 Lunar Excursion Module

3.5.3.1 Structure
3.5.3.1.1 Cabin Space No change.

3.5.3.1.2 Windows Delete "and lunar landing."

3.5.3.1.3 Ingress and Egress Delete (c).

3.5.3.1.4 Docking No change.

3.5.3.1.5 Thermal Requirements No change.
3.5.3.1.6° EMU Storage No change.

3.5.3.2 LEM Propulsion

3.5.3.2.1 General No change except that AV numbers in Table 3.5-1

are not applicable,
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3.5.3.2.2 LEM Reaction Control Subsystem The LEM RCS shall pro-

vide thrust for translation along three axes and attitude
control about three axes during rendezvous, docking, descent engine and
ascent engine operations. There shall be two separate, redundant sub-
systems. Propellant shall be transferable from the LEM ascent stage
main propellant tanks to the LEM RCS engines during flight,
3.5.3.2.3 LEM Descent Propulsion Subsystem The LEM Descent Pro-

pulsion Subsystem shall provide the propulsion and pro-
pulsion control necessary to support the mission objectives of 3.1.1.2.3
(AS-503).
3.5.2.2.4 LEM Ascent Propulsion Subsystem The LEM Ascent Propul-

sion Subsystem shall provide the propulsion necessary to
support the mission objectives of 3.1.1.2,3 (AS-503). It shall be capable
of providing the propulsion required to return the LEM ascent stage to the
CSM.

3.5.3.3 LEM Communications and Tracking

3.5.3.3.1 General Add: (e) Up-data reception,
3.5.3.3.2 Functional Capability

3.5.3.3.2.1 Voice Communication No change.

3.5.3.3.2.2 Telemetry Add: (e) Transmit the data required for post-
flight analysis.
3.5.3.3.2.3 Tracking and Tracking Aid Delete (c).

3.5.3.3.2.4 Television Delete "from the lunar surface."”
3.5.3.3.2.5 Up-Data The up-data subsystem shall be able to:
(a) Receive data from the MSFN.
(b) Supply up-data verification signals to the MSFN via the LEM

telemetry subsystem.



March 1, 1966 503-10

Apollo Saturn Mission 503

3.5.3.3.3 Coverage Capability
3.5.3.3.3.1 LEM-MSFN The LEM Communication and Tracking Sys-

tem shall be able to operate with the MSFN to achieve
the coverage specified in Table 3.7-2 (503) of this appendix.
3.5.3.3.3.2 LEM-CSM No change.
3.5.3.3.3.3 LEM~-EVA Delete reference to the lunar surface.
3.5.3.3.3.4 LEM-Lunar Surface N/A.

3.5.3.3.4 Performance The LEM Communication and Tracking System

shall meet the requirements specified in Tables 3.5-4A
(503) and 3.5-4B (503) of this appendix.

3.5.3.4 Electrical Power Subsystem

3.5.3.4.1 General Change "during the translunar and lunar orbit

phases" to "while docked." Delete the last sentence.

3.5.3.4.2 Sizing Delete: "in lunar orbit,"

3.5.3.4.3 Nominal Capacity No change.

3.5.3.4.4 Pyrotechnic Firing Circuits No change.

3.5.3.4.5 Ground Support No change,

3.5.3.5 Integrated Navigation, Guidance and Control System

3.5.3.5.1 General No change except in the last paragraph, change
"lunar parking orbit" to "the CSM."
3.5.3.5.1.1 No change,
3.5.3.5.1.2 No change.
3.5.3.5.1.3 No change.
3.5.3.5.1.4 The PNGCS shall:
(2) No change.
(b) N/A.
(c) N/A.

(d) Delete reference to the lunar surface.
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(e) N/A.
(f) No change.

(g) No change.

(h) Provide for prelaunch alignment of the PNGCS IMU,

3.5.3.5.2
3.5.3.6

3.5.3.7

3.5.3.7.1
3.5.3.7.2
3.5.3.7.3
3.5.3.7.4

3.5.3.8

3.5.4

Accuracy N/A, See 3.1.1.1 (AS-503).
Display and Control (D&C) Subsystem No change.

Environmental Control Subsystem No change.

Extravehicular Operations No change.

Atmospheric Supply No change.,

Water Management No change.

EMU Support Change "requirements of 3.5.1.20" to

"mission objectives of 3.1.1.2.3 (AS-503)."

Crew Equipment No change.

Launch Escape System No change.

3.5.5

3'5.6
3.5.6.1
3.5.6,2

3.5.6.3

3.5.7

Adapter No change.

Extravehicular Mobility Unit

General Change "in 3.1.1.2.8" to "of this mission,"
Extravehicular Delete "or on the lunar surface" and the

reference to 5.0 of M-DE 8020,008B.

Intravehicular No change.

Scientific Payload The spacecraft shall be capable of support-

ing the in-flight experiments identified in Apollo Flight Mission

Assignments, M-D MA 500-11.

3.5C8

Flight Crew Training Equipment No change.

209-774 O - 66 - 16
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3.6 Launch Area

3.6.1 General No change.

3.6.2 Space Vehicle Checkout Systems No change.

3.6.3 Launch Complexes 34 and 37B N/A,

3.6.4 Launch Complex 39 No change.

3.6.5 Direct Launch Support Facilities

3.6.5.1 Operations and Checkout Building No change,

3.6.5.2 Central Instrumentation Facility Add: (f) Receiving and re-

cording television signals from the S-IC stage.

3.6.5.3 Central Telephone Office No change.

3.7 Manned Space Flight Network

3.7.1 General No change,
3.7.2 Functional Capability
3.7.2.1 Voice Communications No change.

3.7.2.2 Telemetry No change.
3.7.2.3 Tracking No change.

3.7.2.4 Digital Command Communications The Digital Command

Communications Subsystem (DCCS) shall be able to:
(@) Transmit up-data sequentially to the CSM, LEM and the IU,
(b) No change.
(c) Receive from the telemetry subsystem verification of accurate

receipt of up-data at the‘ CSM, LEM and the IU.
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(d) Transmit verification signals received from the CSM, LEM and
the IU to the MCC.
(e) No change.
3.7.2.5 Television No change,

3.7.2.6 Display and Control No change.

3.7.2.7 Data Processing No change.

3.7.2.8 Timing No change.

3.7.3 Coverage Capability The MSFN station in the launch area shall

be able to support the prelaunch checkout of the space vehicle
on the launch pad.,
The MSFN shall provide the coverage capabilities for:
(@) CSM as specified in Table 3.7-1 (503) of this appendix.
(b) LEM as specified in Table 3.7-2 (503) of this appendix.
(c) Saturn V launch vehicle as specified in Table 3.7-3 (503) of this

appendix.

3.7.4 Performance No change except the MSFN shall operate with the
space vehicle subsystems as specified in 3.4.5, 3.5.2,.3 and

3.5.3.3 of this appendix.

3.8 Mission Control Center No change,

4,0 Quality Assurance No change.
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SYSTEM (cCS) POM/FM TELEMETER ® SEE MOTE 2
® THE CCS TRANSMITS THE SAME 81T STREAM AS THE S-1¥8 VHF
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NOTES:

1. THIS TELEMETRY SUBSYSTEM SHALL BE
COMPATIBLE WITH THE INTER RANGE
INSTRUMENTATION GROUP STANDARDS
{IR1G DOCUMENT NO. 106-80 "TELEMETRY
STANDARDS REVISED 1962").

2. ALL PCM TELEMETRY SUBSYSTEMS SHALL BE DESIGNED
TO PROVIOE AN ERROR RATE NOT EXCEEDING OME
IN 10% BITS FOR TRANSMISSIONS TO THE MSFN AS
MEASURED FROM LAUNCH VEMICLE ENCODER TO EARTN-
BASED DECGOER,

3. THIS PCM/FM TELEMETRY SUBSYSTEM SHALL TRANSMIT

THE PCM BIT STREAM REQUIRED FOR REAL-YI E

USE VIA COAXIAL CABLE TO THE C

FACILITY IN THE NILA PRIOR TO L 0 F

AND VIA AN RF LINK PRIOR TO MD AFTEI LIFT-0FF,

4. THIS TELEMETRY SUPSYSTEM SHALL TRANSMIT

DATA REQUIRED ONLY FOR POST-MISSION
ANALYSIS VIA AN RF LINK.

$. UP TO ¥ YNF STAGE TELEMETERS SHALL BE
MULTIPLEXED ON A COMMON ANTENNA SUB-
SYSTEM. WHEN MORE THAN ¥ YHF STASE

TELEMETERS

ARE CARRIED, A SECOND

OMNI-DIRECTIONAL ANTENNA SUBSYSTEM
SHALL BE PROVIDED.

6. NOT PRESENTLY SCHEDULED FOR (PERATIONAL

SATURN V

LAUNCH VEHICLES. HOWEVER,

PROVISIONS TO CARRY THIS TELEMETER SHALL
BE INCORPORATED ON ALL SATURN V LAUNCH

VEHICLES

THROUGH AS~506.

3/1/66
LEGEND
EQUIPMENT/FUNCT 10N
coDine
™S LUNAR
FLIGHT NISSION

REQUIRED REQUIRED
REQUIRED “:u"l'm %

ot
REQUIRED REQUIRED

noT %o -%
REQUIRED REQUIRED X
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504-1 March 1, 1966

Apollo Saturn Missions 504 and 505

1.0 Scope This appendix to the Apollo Program Specification identi-
fies the performance, design and test requirements which apply
to the Program elements to be utilized for Apollo Saturn Mission 504
(AS-504) and for Apollo Saturn Mission 505 (AS-505). These requirements
are presented in this appendix as deviations to the requirements speci-
fied in the body of the specification, Unless otherwise noted, the para-
graphs in this appendix replace in their entirety the identically numbered

paragraphs in the body of the specification,
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1.2 Change Approval No change.

2.0 Applicable Documents No change.

3.0 Requirements

3.1 Performance No change,

3.2 Program Standards No change.

3.3 Saturn IB Launch Vehicle N/A.

(1) The phrase "no change" is used after a section heading throughout
this appendix to mean that the requirement in the body of the specification
applies to this mission without change.
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Apollo Saturn Missions 504 and 505

3.4 Saturn V Launch Vehicle

3.4.1 General No change except that the launch vehicle control
weights shall be as specified for AS-504 and for AS-505 in
Table 10,1-2, Appendix 10.1.
3.4.1.1 Payload No change except that the payload capability shall
be as specified for AS-504 and AS-505 in Table 10.1-2,
Appendix 10.1.
3.4.,1.2 Standby Time No change.

3.4.1.3 Prelaunch Checkout No change.

3.4.1.4 In-Flight Performance Evaluation No change.

3.4.1.5 Emergency Detection Subsystem (EDS) No change.

3.4.1.6 Instrumentation Add: "The instrumentation subsystem shall

be designed so that, where practical, the components of the
subsystem not required for operational flights are removable."

3.4.1.7 Command Destruct No change.

3.4,1.8 Flectrical Power No change.

3.,4.1.9 Attitude Control No change.

3.4.2 Structure No change.

3.4.3 Propulsion No change.

3.4.4 Guidance, Navigation and Control No change.

3.4.5 Saturn V Launch Vehicle Communications and Tracking

3.4,5.1 General No change.
3.4.5.2 Functional Capability No change,

3.4.5.3 Coverage Capability No change,
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Apollo Saturn Missions 504 and 505

3.4.5.4 Performance No change except the Saturn V Communication

and Tracking System shall meet the requirements specified

in Table 3.4-1 (504/505) of this appendix.
3.5 Spacecraft

3.5.1 General No change except the spacecraft control weights shall

be as specified for AS-504 and AS-505 in Table 10.1-4, Appen-
dix 10.1. The LEM shall be capable of accommodating the temperature
of lunar day as given in 5,7 of M-DE 8020,008B.

3.5.2 Command and Service Modules No change.

3.5.3 Lunar Excursion Module No change.

3.5.4 Launch Escape System No change.

3.5.5 Adapter No change.

3.5.6 Extravehicular Mobility Unit No change.

3.5.7 Scientific Payload No change.

3.5.8 Flight Crew Training Equipment No change.

3.6 Launch Area The requirements of this section, which are identi-

fied with LC 39 and the Direct Launch Support Facilities, are
applicable without change. All other requirements of this section are

not applicable,
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Apollo Saturn Missions 504 and 505

3.7 Manned Space Flight Network No change.

3.8 Mission Control Center No change.

4,0 Quality Assurance No change.

U.S. GOVERNMENT PRINTING OFFICE: 1966 O - 209-774 ‘
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APPENDIX 504/505
TABLE 3, 4-1
SATURN V LAUNCH VEHICLE COMMUNICATIONS AND TRACKING REQUIREMENTS
APOLLO - SATURN 504/505

SS/FM TELEMETER
N N

PANEDAN

SEE NOTE §
VANEFAN

STAGE EQUIPMENT NUMB OPERATING FREQUENCY
IMPLEMENTATION OF UN ANTENNA SUBSYSTEM MODULATION CHARACTERISTICS REMARKS
SUBSYSTEM TRANSMIT RECEIVE
S-IC ® SEE NOTES |, 2 AND 3
TELEMETRY PCN/FM TELEMETER ONE 225-260 Mc ONN | -DIRECTIONAL PCM/FH
© PCM BIT RATE SHALL BE 72 KILOBITS/SECOND
@ SEE NOTES | AND &
FM/FM TELEMETER onE 225-260 Wc SEE VOTE 5 FM/FM
3 mc/ru/m uowunon UTILIZED DURING R & D FLIGHT PROGRAM
/ 77 /6 / 7 V.,..2 -7 / a4 / 4 T / / / / / / / /
FM/FM TELEMETER . 4 sse NOTES 17 AND 1
w/ / s ™ / z,zs 260 M / Iss: 97: 5 Y /// r;n/ruliﬂ /
/7 7 7
/ s/ru mzumn y / ™0 / 225-260 Mc / / s{ nou/s / - / / / SS/PM / / / sz: nor: M / / / // / /
v L . pd ya / 2z /
COMMAND DESTRUCT | RECEIVER AND DECODER ™ 400-450 M OMN 1-D1RECT1ONAL T A s DF TneC I Ty CovenD
TRACKING 0DOP TRANSPONDER 8. ONE UKF UNE FIXED DIRECTIONAL
< < Ca) X X\ v
TELEVISION"/\IELEvmon TRANSMITTER ONE l77){0-i73\0/ e /]
S-1i @ SEE NOTES |, 2 AND 3
TELEMETRY PCM/FM TELEMETER ONE 225-260 Mc OHHI-DIRECTIONAL PCH/FH ® PCM BIT RATE SHALL BE 72 KILOB{TS/SECOND
FM/FM TELEMETER 225-260 M N ¢ SEENOTES L AO W
ELENET ™o T e SEE NOTE § e @ PAM/FM/FM MODULATION UTILIZED DURING R & D FLIGHT PROGRAM
VAN AW AR 7/ YA 74 / / / /s  / / 7 7/ 7 / / / / / /
,rm/ru/ru/rELm;En. / ) ouE/ / | 225-260 e // y SEE NOTE 5 / m/ru/m & SEE NOTES ( AND ¥
VA4
/ /{/m T:Lzunsn'e/ / ONE / 225-260 M // ) /EE n{TE s/ / //  ss/P // / o "SEE NOTE ¥ /
yl 2 ya V. y4 Y4 / Z. Z Z.
COMMAND DESTRUCT RECEIVER AND DECODER ™0 400-450 Mc OMN1-DIRECT 10KAL O L A LT s OF aeCera s oA
S-IVB @ SEE NOTES |, 2 AND 3
TELEMETRY PCM/FM TELEMETER ONE 225-260 M OMN 1D IRECTIONAL PCM/FM @ POH 81T MATE SHALL BE 72 KILOBATS/SECOND
N \ VN /N /N N N7 ZaNa Ve
FM/FM YELEMETER 7 ONE 225-260 Mc SEE NOTE 5 MM @ SEE WOTES | AND ¥
\X)(\/\/ ,XV AN 2\ P VA"
< N A4 Vv 87 vd
PAM/FM/FM TELEMETER ™ 225-260 Mc /] M SEE NOTE 5 " PAM/FM/FM -\ses/uor\zs/ [} A\ND/; N
/\ 2\ FANIAN 4
R4 .
oN zzmso we /] ® SEE NOTE ¥
AN AR

COMMAND DESTRUCT RECEIVER AND DECODER

OMN1-DIRECTIONAL

® THIS SYSTEM SHALL BE COMPATIBLE WITH RANGE SAFETY COMMAND
TRANSMITTERS INSTALLED AT STATIONS OF THE ETR

INSTRUMENT UNIT © SEE NOTES 1, 2 AND 3
LEMETRY PCM/FM TELEMETER ONE 225-260 Mc OMM |-DIRECT | ONAL PCM/FN ® PCM BIT RATE SHALL BE 72 KILOBITS/SECONO
@ THE TELEMETRY SHALL CONTAIN ALL S-1VR/ U MISSIOMCONTROL DATA
@ SEE NOTES | AND 2
FIXED DIRECTIONAL
PCM/FM TELEMETER S ONE S-BAND VARIABLE BEAMWIDTH PCM/FU © PCH BIT RATE SHALL BE 72 KiLOBITS/SECOND
@
FM/EM TELEMET 225-260 M MULTIPLEXED WITH OUTPUT
/ ETER OHE c oF 10 VHF PCH/FM TELEMETER FM/FH ® SEE NOTES | AND ¥
D v v Vv ” Prp———
o MULT!PLEXED WITH OUTPUT e
r{ulm/ru TELE\HETER )R_/\/ o\wt 225/260 “f OF 1U_VHF PG/ P 'LELB'ETEMW'A"/W/F“\M(K SEE NOTES I ANO WM
v e -
i >§ /{ pRd OF -1y YHF PCH/PM TELEMETE \(
. ms svsm SHALL PROVIDE TELEMETRY TRAKSMISSION,. UP-DATA
MULTIPLEXED WiTh RECEPTION AND TRACKING ASSISTANCE TO THE MSFR
COMMAND AND COMMUN | CAT 10N ONE S-BAND OUTPUT OF 1U S-BAND PCM/PM/PH ® UTILIZES SAME OPERATING FREQUENCIES AS THE LEM USB SYSTEM
SYSTEM (CCS) PCM/FM TELEMETER ® SEE HOTE 2
® THE CCS TRANSMITS THE SAME BIT STREAM AS THE S-1VB VHF
POH/FM TELEMETER AT A BIT RATE OF 72 KILORITS/SECOND
—— e —— — s c— — — — i — —] — —— — —— — e | e— c— cvem— — ov—  c— —
SK © N0 MORE THAN ONE CORRECT MESSAGE SHALL BE REJECTED D PER
UP - DATA ccs 5-BAND SUBLODED 5-BIT WORDS 1000 CORRECT MESSAGES AND NO MORE THAN ONE PER 109
AT 1000 B1TS/SECORD INCORRECT MESSAGES SHALL BE ACCEPTED
TRACKING AiD ces $-BAND $-BAND L] © CONERENT TURN-AROUND CARRIER
® COHERENT TUSN- AROUND RANGE CODE
C-8AND - UTILIZES CODING OIFFERENT FROM C-BAND
RADAR TRANSPONDER ORE C-BAND C-BAND OMN1=DIRECT | ONAL PULSE ® RADAR TRANSPONDERS OR SPACECRAFT
AZUSA TRANSPONDER ONE C-BAND C-BAND OMN | -DIRECT 1 ONAL [
3/1/66
NOTES:
1. THIS TELEMETRY SUBSYSTEM SHALL BE 3. THIS PCM/FM TELEMETRY SUBSYSTEM SHALL TRANSMIT 5. UP TO 4 VHF STAGE TELEMETERS SHALL 8E LEGEXD
COMPATIBLE WITH THE INTER RANGE THE PCM BIT STREAM REQUIRED FOR REAL-TIME MULTIPLEXED ON A COMMON ANTENNA SUB-
INSTRUMENTAT |ON GROUP STANDARDS USE VIA COAXIAL CABLE TO THE CHECKOUT SYSTEM. WHEN MORE THAN U VHF STAGE
(1R1G DOCUMENT NO. 106-60 "TELEMETRY FACILITY IN THE MILA PRIOR TO LIFT-OFF TELEMETERS ARE CARRIED, A SECOND E£QUIPMENT / FUNCT (ON
STANDARDS REV(SED 1962"). AND VIA AN RF LINK PRIOR TO AND AFTER LIFT-OFF. OMNI-DIRECTIONAL ANTENNA SUBSYSTEM CODING
SHALL BE PROYIDED.
2. ALL PCM TELEMETRY SUBSYSTEMS SHALL BE DESIGNED e e
. W, THIS TELEMETRY SUPSYSTEM SHALL TRANSMIT FLIGHT MISSION
TO PROVIDE AN ERROR RATE NOT EXCEEDING ONE X :
IN 108 BITS FOR TRANSMISSIONS TO THE MSFM AS D ey Cony osT-Hisston 6. THESE TELEMETERS SHALL BE REMOVABLE ;
MEASURED FROM LAUNCH VEHICLE ENCODER TO EARTH- ON AS-504 AND AS-505. REQUIRED REQUIRED
BASED DECODER.
NOT
. REQUIRED REQUIRED
7. NOT PRESENTLY SCHEDULED; HOWEVER, 8. POSSIBILITY OF REQUIREMENTS
PROVISIONS TO CARRY THIS TELEMETER BEING FULFILLED BY THE CCS. ot REQUIRED
SHALL BE INCORPORATED ON AS-50Y4 REQUIRED
AND AS-505 nOT noT R
REQUIRED REQUIRED 20262
TABLE3, 4-1

APOLLO - SATURN 504/505



